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YOUR  TEACHERS'  AN  N OTATE  D E D I T ION  PROVIDES: 

• /A  Teachers'  Guide , bound  into  the  back  of  the  textbook 

The  Content  and  Process  of  Science  Education  (see  guide  pages  7 to  22)— This 
overview  of  science  education  in  today's  elementary  schools  explains  the  philos- 
ophy behind  THE  MACMILLAN  SCIENCE  SERIES,  with  emphasis  on  the  structure 
of  subject  matter  in  the  science  curriculum  and  the  conceptual  framework  of 
the  series. 

How  Children  Acquire  Science  Knowledge:  A Developmental  Approach  (see 
guide  pages  23  to  31)— Here  is  a practical  discussion  of  the  relationship  between 
the  teaching  of  science  and  the  development  of  logical  thought  processes. 

Some  Problems  of  Method  in  Teaching  Science  (see  guide  pages  32  to  61)— This 
part  of  the  guide  covers  such  important  topics  as  providing  for  individual  differ- 
ences and  using  community  resources. 

Overviews,  Tests,  and  Directories  (see  guide  page  62)— Here  are  overviews  for 
each  unit  in  the  book  plus  the  table  of  contents  of  each  book  in  the  SCIENCE 
FOR  TOMORROW'S  WORLD,  BOOKS  1-6,  series  to  appraise  you  of  the  place 
of  your  book  in  the  series  structure.  This  section  also  includes  tests  for  each  unit 
in  the  textbook  and  directories  of  publishers,  film  and  filmstrip  sources,  and 
suppliers  of  source  materials. 

• The  Pupils'  Textbook , with  teaching  suggestions  printed  beside  the 
text  pages  and  with  annotations  printed  right  on  the  text  pages 

Fully  developed  lesson  plans  | Background  information  | 

Additional  activities  and  demonstrations  | Readings  for  the  pupils  and 
the  teacher  | Answers  to  the  questions  in  the  textbook  | 

Checklist  of  science  materials 


SOME  OF  THE  SPECIAL  FEATURES  YOU'LL  FIND  IN  BOOK  2: 

Units  organized  to  teach  the  Key  Concepts  of  science 
SCIENCE  FOR  TOMORROW'S  WORLD,  BOOK  2,  is  built  on  the  10  Key  Con- 
cepts of  science  that  are  described  on  pages  12—18  in  the  Teachers'  Guide. 

Throughout  the  text,  specific  concepts  are  developed  that,  in  turn,  lead  the 
pupils  toward  deeper  understanding  of  these  Key  Concepts.  For  example,  these 
are  the  concepts  developed  in  Unit  1 : 


The  Key  Concept 

Events  in  the  natural  en- 
vironment happen  in  an 
orderly  rather  than  a hap- 
hazard way;  man  searches 
for  laws  to  explain  this 
order  by  observing,  hy- 
pothesizing, checking  his 
ideas,  and  rejecting  those 
which  do  not  square  with 
reality. 


(Some  of  the  Specific  Concepts 

1.  We  find  out  about  things  by  using  our  senses 
(pages  1-5,  12,  20-25,  30,  and  31). 

2.  We  can  use  various  kinds  of  instruments  to  aid 
us  in  finding  out  about  things  (pages  10-12). 

3.  We  can  find  out  on  our  own  and  by  asking  or 

(reading  (pages  12-19). 

4.  We  can  find  out  many  things  about  animals  by 
observing  them  (pages  12,  15-17,  and  20-25). 

5.  Scientists  find  out  about  living  things,  forces, 
and  materials  in  the  environment  (pages  26-28). 

6.  The  ways  the  scientist  finds  out  are  similar  to 
those  we  use  to  find  out  (pages  26-28). 


Lessons,  observations , activities , and  illustrations  that  take  full 
advantage  of  the  child's  natural  curiosity 

The  authors  of  SCIENCE  FOR  TOMORROW'S  WORLD,  BOOK  2,  believe  that 
the  natural  curiosity  of  the  child  is  a powerful  motivating  tool  in  acquiring  sci- 
ence knowledge.  Throughout  the  textbook,  they  involve  the  pupils  in  open- 
ended  science  activities,  always  making  sure  that  the  purpose  behind  each  of 
these  varied  experiences  is  clear. 

The  opening  unit  in  BOOK  2 (see  pages  1-31)  focuses  directly  on  the  different 
methods  that  scientists  use.  "Finding  out"  is  a constant  theme  in  this  textbook. 
Notice,  on  the  following  pages,  how  the  pupils  learn  to  investigate  the  world 
around  them  in  many  different  ways: 


• On  page  3 the  pupils  learn  by  smelling  and  tasting. 

• On  page  4 the  pupils  learn  by  hearing. 

• On  pages  5,  62,  76,  77,  111,  115,  and  122  the  pupils 
learn  by  feeling. 

• On  pages  20,  34, 90, 101, 117,  and  139  the  pupils 
learn  by  watching. 

• On  pages  54,  55,  66,  73,  74,  91-93, 116, 118, 119, 134, 137, 
and  138  the  pupils  learn  by  trying  things  out  (experimenting). 


• On  pages  6,  9, 10, 113, 114, 116, 121, 134, 137,  and  138 
the  pupils  learn  by  measuring. 

• On  pages  95  and  138  the  pupils  learn  by  making  a chart. 

• On  pages  23, 113-115, 121, 134,  and  138  the  pupils 
learn  by  using  mathematics  skills. 

• On  pages  26-28,  62,  84,  85, 110, 141,  and  147-160  the 
pupils  learn  by  reading. 

• On  pages  18,  36-38,  63,  86-89, 131,  and  151  the  pupils 
learn  by  studying  pictures. 


For  more  special  features, 
turn  to  the  inside  back  cover. 
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KEY  CONCEPTS 

Key  Concept  1.  Events  in  the  nat- 
ural environment  happen  in  an 
orderly  rather  than  a haphazard 
way;  man  searches  for  laws  to 
explain  this  order  by  observing, 
hypothesizing,  checking  his  ideas, 
and  rejecting  those  which  do  not 
square  with  reality. 

CONCEPTS: 

1.  We  find  out  about  things  by 
using  our  senses. 

2.  We  can  use  various  kinds  of 
instruments  to  aid  us  in  finding 
out  about  things. 

3.  We  can  find  out  on  our  own 
and  by  asking  or  reading. 

4.  We  can  find  out  many  things 
about  animals  by  observing  them. 

5.  Scientists  find  out  about  liv- 
ing things,  forces,  and  materials 
in  the  environment. 

6.  The  ways  the  scientist  finds 
out  are  similar  to  those  we  use  to 
find  out. 


The  Scientist’s  Way 


Children  vary  greatly  in  their  sensitivity  to  the  natural  en- 
vironment; some  are  better  observers  than  others.  All  can 
be  helped  to  take  in  more  information  about  what  is  going 
on  around  them.  Sensory  training  is  the  starting  point. 


1 

Other  concepts  appear  under  the  “Learnings  to  Be  Developed’ 
section  in  each  lesson  found  in  the  Teaching  Suggestions. 

Finding  Out 


Tom  and  Jane  and  other  boys 
and  girls  in  the  class  are  finding 
out  about  many  different  things. 
What  can  they  smell,  taste,  and 
hear?  What  can  they  feel?  What 
can  they  see?  You  will  find  out 
about  things  in  many  ways,  too. 
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PROCESSES: 

Observing — Pages  1,  2,  3,  4, 
5,  6,  7,  8,  9,  10,  11,  12,  13,  14, 
15,  16,  17,  18,  19,  20,  21,  22, 
23,  24,  25,  26,  27,  28,  29,  30, 
31. 

Comparing — 3,  4,  5,  6,  7,  8, 
9,  10,  18,  19,  20,  29,  30,  31. 

Inferring — 3,  6,  7,  8,  9. 

Measuring — 9,  10,  23. 

Classifying — 17. 

Selecting— 2,  4,  5,  19,  20,  24, 
25,  27,  28,  29,  30,  31. 

Communicating — 2. 

Demonstrating — 3. 

Hypothesizing — 3,  9. 


According  to  developmental  theory,  children  in  first  two  grades  have  difficulty  in  real- 
izing that  an  object  or  event  can  be  distinguished  by  more  than  one  characteristic  or 


TEACHING  SUGGESTIONS 

(pp.  2-5) 


• LESSON:  What  can  you  find  out 
about  things  by  using  your  senses? 
Learnings  to  Be  Developed: 

While  we  usually  think  of  senses 
solely  in  terms  of  seeing,  hearing, 
smelling,  tasting,  and  feeling,  man 
also  has  a temperature  sense  and 
a sense  of  balance. 

By  touching  things,  you  can  find 
out  about  texture  and  tempera- 
ture as  well  as  whether  something 
is  a liquid,  a gas,  or  a solid. 

Two  or  more  senses  frequently 
work  together  to  receive  informa- 
tion about  what  is  going  on 
around  us. 


Because  senses  are  limited  in  the 
information  they  can  receive,  sen- 
sory information  can  be  mislead- 
ing; things  are  not  always  what 
they  appear  to  be. 


Developing  the  Lesson: 


/ 


What  are  five  ways  in  which  you 
can  find  out  about  new  things? 
(Seeing,  hearing,  tasting,  smell- 
ing, and  feeling.) 


Explain  to  the  class  that  these  ways 
are  called  “senses.” 


Can  we  use  all  our  senses  to  find 
out  about  every  new  thing?  (No 
— eyes  cannot  find  out  about 
sounds;  ears  cannot  find  out 
about  sights.) 


What  are  these  things?  Tell  what  you 
know  about  them.  How  did  you  find  out? 


What  did  you  find  out  by  smelling? 
What  did  you  find  out  by  tasting? 

What  did  you  find  out  by  hearing? 

What  did  you  find  out  by  feeling? 

What  did  you  find  out  by  looking? 

You  can  find  out  about  things  in  many  ways. 
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variable.  Sensory  training  begins  by  having  children  become  sensitive  to  several 
variables. 


Can  You  Guess  by  Smelling  or  Tasting? 


Let  someone  get  these 
things  for  you.  Do  not 
look.  Guess  what  each 
thing  is  by  smelling  it. 


Sugar 


Salt 


Lemon 


Bitter  chocolate 


Onion 


Let  someone  get  these 
things  for  you.  Do  not 
look.  Guess  what  each 
thing  is  by  tasting  it. 


Candle 


As  the  children  do  the  activity  at 
the  top  of  page  3,  call  attention  to 
the  sniffing  we  do  when  we  try  to 
identify  something  by  smell. 

• How  does  sniffing  help ? (Sniffing 
brings  air  far  back  into  the  nose, 
where  the  cells  sensitive  to  odors 
are  located.) 

® What  happens  when  we  have  a 
cold? 

© Can  we  smell  as  well? 

• Why  not?  (When  nasal  passages 
are  blocked,  air  carrying  odors 
cannot  reach  the  sensitive  part 
of  the  nose.) 

When  doing  the  activity  on  the 
bottom  of  page  3,  choose  a differ- 
ent child  to  taste  each  substance. 
Blindfold  the  child.  Let  the  class 
know  what  each  substance  is,  but 
| do  not  let  the  blindfolded  chil- 
dren know.  Ask  what  other  foods 
have  the  same  tastes. 

• What  sense  helps  us  to  know 
whether  food  is  hot  or  cold? 
(Temperature.) 

• Crisp  or  soft?  (Touch.) 

Bring  out  the  relationship  between 
smelling  and  tasting. 

© Do  we  have  much  of  a sense  of 
taste  when  the  nasal  passages 
are  blocked?  (We  can  still  detect 
the  four  basic  tastes,  but  food 
may  not  taste  as  good.) 


Have  a child  read  the  top  half  of 
page  4.  Use  a piano  or  pitchpipe 
or  some  other  instrument  to  illus- 
trate differences  in  pitch.  Teach 
the  word  pitch  as  meaning  “how 
high  or  low  a sound  is."  Teach  the 
word  volume  as  meaning  “how 
loud  or  soft  a sound  is." 

The  answer  to  the  last  question  on 
page  4 is  “Nothing";  we  detect 
only  volume  and  pitch  through 
hearing. 

Use  page  4 to  teach  pupils  to  think 
in  terms  of  two  variables.  Empha- 
size that  every  sound  has  both 
volume  and  pitch.  Produce  a high, 
loud  sound  on  some  instrument; 
then  produce  a soft,  low  sound  on 
it.  Have  pupils  describe  what  they 
hear.  Work  out  a double-entry 
table  on  the  chalkboard. 

Write  Volume  horizontally  and 
Pitch  vertically.  Have  two  columns 
under  Volume,  for  Loud  and  Soft, 
and  two  rows  next  to  Pitch  for 
High  and  Low.  Have  a loud,  high 
note  sounded  and  ask,  “Where 
shall  we  put  the  mark  to  show  the 
sound  is  loud  (gesture  with  hand 
down  the  appropriate  column) 
and  high  (gesture  to  show  appro- 
priate row)?"  Do  a number  of 
sounds  and  then  have  children 
read  the  table. 


Note  the  tie-in  here  with  mathematics,  as  children  are  trained  to  compose  and  read  a 
2x2  table.  Quantification  of  data  aids  development  of  key  concept 

Finding  Out  by  Hearing 

You  can  find  out  about  things  by  the  way 
they  sound. 


9 Mary  plays  this  note. 

iflPii  Mil  j i iin 


n m ii  m ii  hi 


Then  she  plays  this  note. 


JL, 


ii  ii  in  ii  hi 

How  are  the  sounds  different? 


Tom  hits  the 
drum  gently. 


Tom  hits  the 
drum  hard. 


How  are  the  sounds  different? 


You  can  tell  by  hearing.  Are  the  sounds 
high  or  low? 

You  can  tell  by  hearing.  Are  the  sounds 
loud  or  soft? 

What  else  can  you  find  out  by  hearing? 
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Finding  Out  by  Feeling 

You  can  find  out  about  things  by  the  way 
they  feel. 

Which  things  feel  cold?  Which  things 
feel  warm? 


Which  things  feel  hard?  Which  things 
feel  soft? 


You  can  feel  if  things  are  cold  or  warm. 
You  can  feel  if  things  are  hard  or  soft. 
What  else  can  you  find  out  about  things 
by  feeling? 


Have  the  children  read  page  5 and 
answer  the  questions.  Then  blind- 
fold a child  and  have  him  put  his 
hand  on  various  objects  and  in  a 
container  of  water.  Explain  that 
we  can  tell  by  touch  whether 
something  is  wet  or  dry.  We  can 
also  tell  the  shape  of  an  object. 
Try  out  objects  of  various  shapes— 
a pencil,  a key,  a penny,  a square, 
a triangle— and  see  if  the  children 
can  describe  the  shapes  by  touch- 
ing them  (long  and  thin;  sharp 
edges;  round;  has  four  sharp  cor- 
ners; has  three  sharp  corners). 

Children  may  respond  to  the  last 
question  on  the  page  by  saying 
that  we  can  also  tell  how  heavy 
something  is  by  touch.  Actually, 
touch  alone  does  not  tell  us  about 
weight.  Skin  contact  is  not  enough ; 
the  muscles  in  the  hand  and  arm 
must  do  work  to  overcome  the 
pull  of  gravity. 

Ask  whether  we  can  be  fooled  by 
our  sense  of  touch.  Blindfold  a 
child  and  have  him  dip  his  right 
hand  into  a pitcher  of  ice  water, 
his  left  into  hot  water  at  the  same 
time,  and  then  both  hands  quickly 
into  a middle  bowl  of  lukewarm 
water. 

How  does  the  water  feel  to  each 
hand?  (The  water  in  the  middle 
bowl  should  feel  warm  to  the 
"cold"  hand  and  cool  to  the 
"hot"  hand.) 
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is  conserved,  regardless  of  a change  in  shape,  as  logical  proofs  will  show.  Here  the 


TEACHING  SUGGESTIONS 
(pp.  6-11) 

© lesson:  Can  you  always  find  out 
exact  information  by  using  your 
senses? 

Learnings  to  Be  Developed: 

Because  each  of  the  senses  can 
pick  up  only  one  kind  of  informa- 
tion, the  senses  can  sometimes  be 
misleading.  Things  are  not  always 
what  they  appear  to  be. 

We  have  to  think  about  the  infor- 
mation our  senses  bring  us,  in 
order  to  arrive  at  logical  conclu- 
sions. 

We  can  check  on  whether  or  not 
something  has  changed  in  weight 
or  in  the  amount  of  stuff  it  con- 
tains by  asking  ourselves  whether 
anything  has  been  added  or  taken 
away. 

We  can  improve  our  observations 
as  we  learn  to  pay  attention  to 
more  than  one  property  of  an 
object. 

A change  in  one  property  may 
bring  a corresponding  change  in 
another  to  which  we  must  be  alert. 

Objects  can  be  described  in  terms 
of  size  and  weight,  yielding  a 
double-entry  table  with  four  pos- 
sibilities: small  and  light;  small 
and  heavy;  large  and  light;  large 
and  heavy. 


Can  You  Tell  by  Looking? 


Bob  has  two  cans  of  sand. 

He  puts  one  can  of  sand  into 
a jar  for  Mary. 

He  puts  one  can 
of  sand  into  a jar 
for  Jerry. 


Does  Jerry  have  as  much 
sand  as  Mary? 


child  goes  from  careful  observation  to  thinking  logically  about  what  he  observes. 


Mother  is  making  cookies. 

She  gives  some  dough  to  Mary.  She  gives 
just  as  much  dough  to  Jerry. 

Mary  makes  her  dough  into  a big  cooky. 
Jerry  makes  his  dough  into  small  cookies. 
Is  there  more  dough  in  the  big  cooky  than 
in  the  five  small  cookies? 

How  can  you  be  sure  your  answer  is  right? 


To  find  out  about  some  things,  we 
must  measure. 

Instruments  make  possible  more 
accurate  description  and  measure- 
ment. To  measure  length  we  de- 
cide on  a unit,  line  the  unit  up 
with  what  is  to  be  measured,  and 
repeat  as  often  as  necessary. 

Developing  the  Lesson:  Piaget  has 
used  activities  such  as  the  ones  on 
these  pages  to  assess  logical  rea- 
soning. For  instance,  children  are 
likely  to  think  that  there  is  more 
sand  in  a tall,  skinny  container 
("Because  it's  higher")  than  in  a 
broad,  flat  one.  They  look  at,  or 
center  their  attention  on,  only  one 
variable.  Thus,  they  need  training 
in  noticing  more  than  one  thing. 
Actual  experience  in  pouring  sand 
back  and  forth  is  essential  to  dis- 
covery. 

Have  the  children  read  and  an- 
swer the  question  on  page  6. 

® How  do  we  know?  How  can  we 
be  sure? 

Commend  answers  such  as:  "You 
didn't  add  anything,  and  you 
didn't  take  anything  away."  "Pour 
the  sand  back,  and  both  are  the 
same."  "One  jar  is  higher,  but  it's 
skinnier." 

On  page  7,  we  have  another  prob- 
lem involving  conservation  of 
matter— that  the  amount  of  "stuff" 
(dough)  in  the  cookies  will  remain 


the  same,  regardless  of  how  the 
dough  is  shaped.  The  child  is 
likely  to  center  on  the  variable  of 
number,  and  to  think  that  there  is 
more  dough  in  the  five  small 
cookies  than  in  the  one  big 
cooky.  Again,  as  with  the  sand, 
actual  experience  in  dividing  up 
Play  Dough  or  clay  and  reversing 
the  process  is  essential  to  under- 
standing. Logical  answers  to  the 
last  question  on  page  7 are: 
“They're  the  same  because  they 
were  the  same  to  start  with." 
“Make  the  big  cooky  into  5 small 
ones,  and  you'll  see  they're  the 
same." 

Note  the  similarity  of  the  mental 
processes  used  in  solving  this 
problem  and  those  used  in  solving 
the  one  on  page  6. 

Answers  like  these  indicate  that 
the  pupil  is  thinking  logically.  If 
such  answers  are  not  forthcoming, 
frame  questions  to  elicit  them 
(i.e.,  “How  do  we  make  things 
bigger?  Smaller?"  and  “What  hap- 
pens if  we  don't  add  anything  or 
take  anything  away?"). 

Weight  and  volume  (overall  size) 
are  often  confused  by  children,  to 
the  detriment  of  their  understand- 
ing of  science.  They  tend  to  think 
that  big  things  are  heavy,  and  that 
little  things  are  light.  Have  the 
children  read  page  8 and  carry  out 
the  activity.  Then  have  the  chil- 


that  the  object  occupies.  Use  a 2x2  table  to  help  pupils  sort  out  these  two  variables. 

Can  You  Always  Tell 
by  Looking? 

Here  is  a big  basket. 

Mary  thinks  it  is  very  heavy. 

Mary  picks  up  the  basket.  What  does  she 
find  out? 

Here  is  a little  pail.  Mary 
thinks  it  is  not  heavy. 

She  picks  up  the  pail.  What  does  she  find 

out? 

You  cannot  always  tell  how  heavy  things 
are  by  the  way  they  look. 


Some  big  things  can  be  light. 
Some  little  things  can  be  heavy. 
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strip  of  paper,  a finger,  a pencil,  etc.— to  develop  the  concept  of  a unit  of  measurement. 

Does  one  red  line  look  longer  than  the 
other  line? 


Is  one  red  line  really  longer  than  the  other? 
How  can  you  find  out? 


Does  one  circle  look  bigger  than  the  other? 


Is  one  circle  really  bigger  than  the  other? 
How  can  you  find  out? 

Sometimes  you  cannot  tell  how  big  a thing 
is  by  the  way  it  looks. 


dren  work  out  a double-entry 
table  on  the  board  with  you,  so 
that  they  get  additional  experi- 
ence in  thinking  about  objects  as 
having  more  than  one  property. 
Write  the  word  Weight  on  the 
chalkboard  horizontally  and  Size 
vertically.  Under  Weight  write 
Heavy  and  Light;  next  to  Size  write 
Big  and  Small.  Children  can  pick 
up  objects  in  the  room  and  de- 
scribe each  in  terms  of  weight  and 
size.  A sheet  of  drawing  paper 
may  be  large  and  light;  a Teach- 
er's Guide  may  be  large  and 
heavy;  an  empty  crayon  box  may 
be  small  and  light;  a box  of  clips 
may  be  small  and  heavy. 

Being  able  to  visualize  data  in  this 
fashion  is  an  important  mental 
skill  that  can  and  should  be 
developed  while  children  are 
young. 

Have  the  children  read  the  top 
half  of  page  9 and  respond  to  the 
question  of  whether  or  not  one 
line  is  longer. 

Can  we  find  out  which  line  is 

longer  just  by  looking? 

What  can  we  do  to  see  if  they 

are  the  same?" 

Give  each  child  a strip  of  card- 
board the  same  length  as  the  line 
on  page  9. 

Can  we  use  this? 
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instruments  to  neip  oDservations  oecome  more  precise  are  introaucea  nere. 


Check  to  see  that  each  child 
understands  how  to  align  the 
cardboard  with  each  line  to  see  if 
the  lines  are  equal.  Then  give 
each  child  a strip  of  cardboard 
longer  than  the  line. 

• Can  we  use  this  for  measuring ? 

Let  the  pupils  who  know  how 
demonstrate  on  the  chalkboard 
the  technique  of  marking  the 
longer  strip  to  match  one  line  and 
then  using  that  mark  to  measure 
the  second  line.  Then  give  each 
pupil  a strip  that  is  shorter  than 
the  line.  Again,  have  a pupil 
demonstrate  the  technique. 

The  essence  of  measurement  is 
unit  iteration,  using  the  technique 
of  one-to-one  correspondence. 

Use  page  10  to  develop  vocabu- 
lary. 

° What  does  the  scale  measure ? 
(Weight.) 

• What  does  the  clock  measure? 
(Time.) 

5 What  does  the  speedometer 
measure?  (Speed.) 

What  does  the  thermometer 
measure?  (Temperature.) 

What  does  the  ruler  measure? 
(Length.) 

What  does  the  measuring  cup 
measure?  (Volume.) 

Ask  how  the  scale,  or  two-pan 
balance,  works.  Point  out  that 


Finding  Out  by  Measuring 

You  cannot  always  find  out  about  things 
just  by  seeing  or  feeling  them.  There  are  ways 
to  find  out  more. 

What  do  these  things  help  you  find  out? 


Measuring  cup 


Scale 


Making  Things  Look  Bigger 


Sometimes  you  can  find 
out  more  about  things  by 
making  them  look  bigger. 

This  can  help. 

X 


Magnifying 


Some  things  are  much 
too  small  for  you  to  see 
without  help. 

This  can  help. 


Microscope 


Some  things  are 
far  away  to  see  well. 
This  can  help. 


there  is  a balance  (equilibrium)  so 
long  as  there  is  an  equal  weight 
on  each  side. 

3 How  is  the  scale  like  a seesaw ? 

• What  happens  if  a heavyweight 
gets  on  one  end  of  a seesaw  and 
a lightweight  on  the  other  end? 

Demonstrate  use  of  the  balance 
with  a homemade  or  commercial 
scale. 

Have  a pupil  read  page  10;  write 
the  names  of  the  instruments  on 
the  chalkboard,  and  have  the 
children  pronounce  them.  Ask 
the  children  to  relate  any  experi- 
ences they  may  have  had  with 
each  instrument.  If  possible,  have 
a microscope  and  field  glasses,  as 
well  as  the  magnifying  lens,  avail- 
able for  the  children  to  try. 

Ask  the  children  to  guess  what 
the  word  "magnifying"  means. 
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TEACHING  SUGGESTIONS 

(pp.  12-17) 

LESSON:  How  can  children  find 
out  more  about  moths  and  butter- 
flies? 

Learnings  to  Be  Developed: 

We  can  classify  an  insect  as  a 
moth  or  a butterfly  on  the  basis  of 
the  kind  of  feelers  that  it  has  and 
whether  or  not  it  flies  at  night. 

Moths  and  butterflies  have  four 
stages  in  their  life  cycle:  egg,  larva 
(caterpillar),  pupa  (cocoon),  and 
adult. 

The  moth  at  the  adult  stage  is 
completely  dissimilar  to  what  it 
looked  like  in  the  larval  stage;  this 
is  true  of  many  types  of  insects. 

The  caterpillar  eats  constantly,  for 
it  must  accumulate  enough  sur- 
plus to  last  it  through  to  the  adult 
stage. 

During  the  pupa  stage,  the  insect 
rests;  no  growth  or  development 
takes  place  until  toward  the  end 
of  this  stage. 

There  are  rules  (criteria)  for  put- 
ting an  animal  in  a particular 
class;  to  decide  whether  to  call 
something  a moth  or  a butterfly, 
we  observe  the  characteristics  of 
the  animal  and  check  out  these 
characteristics  against  the  criteria 
for  those  particular  classes  of 
animal. 


How  Judy  and  Fred  Found  Out 

Judy  and  Fred  found  something  on  the 
way  to  school.  They  found  it  on  a tree. 


They  looked  at  it.  They  saw  that  it  was 
long  and  round.  But  they  did  not  know  what 
it  was. 


Fred  said,  "Let  me  feel  it.” 

Judy  said,  "No,  don’t  feel  it.  Maybe  there 
is  something  in  it.  You  might  hurt  it.  Let’s 
take  it  to  school.  We  can  ask  our  teacher 
what  it  is.” 


Judy  and  Fred  asked  their  teacher. 

She  said,  "I’m  glad  you  were  careful.  This 
is  a cocoon.  There  is  something  alive  in  here.” 

Judy  and  Fred  found  out  some  things 
by  asking. 

The  story  of  Judy  and  Fred  contains  science  information  about 


Developing  the  Lesson:  Begin  by  call- 
ing the  children's  attention  to 
the  picture  on  page  11.  Ask  the 
children  if  they  have  seen  any  of 
the  objects  pictured  here;  ask 
them  to  name  the  objects.  Have 
pages  11-13  read  orally;  then 
discuss  them. 

Let's  take  a good  look  at  the 
picture  on  page  12.  What  could 
we  find  out  about  the  object  on 
the  tree  by  using  our  senses? 
(Brownish  color,  no  odor,  soft 
inside  but  protective  coat.) 

When  is  it  a good  idea  to  ex- 
plore something  yourself , and 
when  is  it  better  to  get  help? 
(When  the  specimen  might  be 
damaged,  or  the  child  handling 
it  might  be  injured— as  might  be 
the  case  with  a strange  animal. 

For  an  assignment,  have  the  chil- 
dren search  in  the  neighborhood 
for  cocoons  to  bring  in  to  class. 

Write  cocoon  on  the  chalkboard, 
and  have  the  children  pronounce 
it. 

The  book  says  there  is  some- 
thing alive  inside  the  cocoon. 
What  do  animals  need  to  stay 
alive? 

What  does  your  dog  need? 
(Food,  water,  air,  proper  temper- 
ature.) 

Can  the  caterpillar  get  water? 


Explain  that  the  caterpillar  draws 
on  the  food  supply  in  its  own 
body  while  it  is  being  trans- 
formed, and  that  during  the  pupa 
stage,  it  does  not  need  additional 
water.  This  is  something  very 
special,  which  is  not  usually  true 
of  animals.  (It  is  an  adaptive  fea- 
ture of  this  organism.) 

Note  that  reference  is  made  here 
to  the  caterpillar  as  an  “animal." 
As  you  discuss  living  things  with 
the  children,  explain  from  time  to 
time  that  living  things  are  either 
plants  or  animals,  and  that  if  a 
particular  specimen  is  not  a plant, 
it  must  be  an  animal. 

Explain  to  the  children  that  the 
cocoon  is  made  from  a long 
thread  that  the  caterpillar  spins 
around  itself. 

Write  the  word  pupa  on  the 
chalkboard. 

• Is  the  caterpillar  moving  around 
inside,  or  is  it  quiet? 

Have  the  children  examine  the 
cocoon  for  movement.  Bring  out 
that  the  pupa  stage  is  a resting 
stage.  The  organism  is  not  grow- 
ing, nor  is  it  active  at  this  time. 

• What  do  caterpillars  eat?  (Leaves 
of  green  plants;  children  may 
have  seen  the  holes  in  leaves 
where  there  has  been  a heavy 
caterpillar  infestation.) 


The  teacher  gave  Judy  and  Fred  some 
books  with  stories  about  cocoons.  Judy  and  Fred 
found  out  still  more  things  by  reading.  This  is 
what  they  found  out. 

A caterpillar  made  the  cocoon.  When  the 
caterpillar  was  little,  it  ate  and  ate.  It  grew 
bigger  and  bigger.  After  a time,  it  made  the 
cocoon  around  itself.  Then  the  caterpillar 
changed  itself  inside  the  cocoon. 
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Judy  and  Fred  wanted  to  know  what 
would  happen  to  their  cocoon.  The  teacher 
said,  “Let’s  wait  and  see.” 

They  put  the  cocoon  in  a jar.  They  made 
sure  that  air  could  get  in.  They  knew  living 
things  need  air.  The  caterpillar  in  the  cocoon 
was  alive,  so  it  would  need  air. 

Judy  and  Fred  looked  at  the  cocoon  every 
day.  They  watched  the  cocoon  for  many  days. 


° Are  all  caterpillars  alike?  (Have 
children  describe  caterpillars 
they  have  seen  and  emphasize 
differences  in  color,  in  markings 
on  the  body,  and  in  size.) 

Have  pages  15  and  16  read  orally. 
There  should  be  a cocoon  avail- 
able for  examination  at  this  point. 
If  children  have  not  found  any,  it 
is  possible  to  purchase  one  from  a 
biological  supply  house  (see  page 
82  of  the  Teacher's  Guide  for  a 
list  of  supply  houses.)  Open  the 
cocoon  carefully  with  a razor 
blade  and  remove  the  organism, 
which  is  now  in  the  pupa  stage. 
Have  pupils  examine  it  with  a 
magnifying  glass.  Depending  on 
how  far  along  the  metamorphosis 
is,  it  may  be  possible  to  see  as 
external  buds  all  of  the  adult 
appendages— head,  main  part  of 
body,  legs,  and  wings. 

The  important  point  to  emphasize 
here  is  that  the  young  of  this 
particular  living  thing  are  com- 
pletely unlike  the  adult  form. 

• What  do  baby  dogs  look  like? 
(They  resemble  adult  dogs.) 

• What  do  kittens  look  like? 
(Adult  cats.) 

• Tell  me  some  other  animals 
whose  babies  look  like  the 
grownup  animals.  (Horses,  cows, 
man,  etc.) 


Is  this  true  of  the  moth? 


When  this  animal  was  young , 
what  was  it  called ? (Caterpillar.) 

How  was  it  different  from  the 
grownup  animal ? 

What  did  the  caterpillar  eat? 
(Green  leaves.) 

It  is  important  to  explain  to  the 
children  that  not  all  insects  under- 
go such  a drastic  change.  For  in- 
stance, the  grasshopper  hatches 
from  eggs  and  looks  like  a grass- 
hopper immediately  after  hatch- 
ing. As  it  grows,  it  sheds  its  outer 
covering,  repeating  the  molting 
process  several  times  before  it 
reaches  adulthood. 

Explain  to  the  children  that  the 
moth  lays  eggs  from  which  cater- 
pillars hatch.  Then  review  the  life 
cycle.  Write  the  four  stages  of 
development  on  the  chalkboard- 
egg,  caterpillar  or  larva,  pupa  or 
resting  stage,  adult  stage.  The  life 
cycle  of  the  butterfly  is  the  same 
as  that  of  the  moth. 

The  behavior  of  the  moth  right 
after  it  comes  out  of  the  cocoon 
is  interesting  to  watch.  Its  wings 
are  wet  and  wrinkled.  It  fans  its 
wings  back  and  forth  to  dry  them 
and  to  pump  blood  into  them. 


A good  book  for  reference  is  Butterflies  and  Moths,  by  Richard  A.  Martin  (Simon  and 
Shuster,  1958). 

One  day  the  cocoon  looked  different. 
Something  was  happening.  Something  was 
coming  out  of  the  cocoon.  It  was  not  a 
caterpillar.  What  was  it? 

The  teacher  said  it  was  a moth.  A moth 
came  out  of  the  cocoon. 

Judy  and  Fred  found  out  some  things  by 
watching  for  a long  time. 
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this  operation  is  formulation  of  one-to-one  correspondences.  Again,  skills  .aught  in 
modern  math  are  useful  in  studying  modern  science. 

This  is  the  moth  that 
came  out  of  the  cocoon. 

Judy  and  Fred  wanted  to  know  the  name 
of  their  moth.  They  looked  in  books.  They 
found  a picture  that  looked  just  like  their  moth. 
It  had  the  same  colors.  It  had  a name. 

Judy  and  Fred  found  out  by  looking  and 
reading. 

Can  you  do  what  Judy  and  Fred  did?  Can 
you  find  out  the  name  of  their  moth?  Where 
would  you  look? 


Develop  the  concept  that  the 
moth  is  capable  of  independent 
behavior  immediately  after  emer- 
ging- 

Is  the  moth  able  to  fly  when  it 
comes  out  of  the  egg ? 

Can  it  get  its  own  food,  or  does 
it  have  to  be  fed? 

Contrast  the  moth  with  birds  and 
other  animals.  Bring  out  that  the 
moth  is  a grownup  or  adult 
organism  when  it  comes  out  of 
the  cocoon. 

Have  the  children  read  aloud  the 
three  paragraphs  at  the  bottom  of 
page  17. 

If  Judy  and  Fred  want  to  see  if 
their  moth  is  the  same  as  the  one 
in  the  picture,  what  must  they 
match?  (Color,  size,  shape, 
markings  or  design,  and  length 
of  feelers.) 

If  colored  pictures  of  moths  or 
butterflies  are  available,  have  the 
children  do  a one-to-one  cor- 
respondence between  the  char- 
acteristics of  the  moth  pictured 
on  page  17  and  those  of  moths 
or  butterflies  on  page  18. 

If  we  want  to  be  sure  two  things 
are  the  same,  what  must  we  do? 
(Make  a list  of  what  the  moth 
looks  like  and  check  out  each 
characteristic  against  the  char- 
acteristics of  the  moth. 


TEACHING  SUGGESTIONS 
(pp.  18-19) 

• lesson:  How  can  you  tell  a 
moth  from  a butterfly? 

Learnings  to  Be  Developed:  There  are 
rules  for  giving  an  animal  a par- 
ticular name  (putting  it  in  a par- 
ticular class.) 

Developing  the  Lesson:  Have  pages 
18  and  19  read  aloud.  Have  the 
questions  answered  as  the  reader 
goes  along.  Write  two  headings 
on  the  chalkboard:  Moths  and 
Butterflies. 

• Let's  write  some  things  about 
moths  and  butterflies  in  each 
column,  so  that  we  can  compare 
them.  Look  at  the  pictures.  What 
can  we  write  about  the  feelers  of 
the  butterfly  amd  the  feelers  of 
the  moth ? (Feelers  of  butterflies 
often  have  knobs  at  the  end; 
moths'  feelers  do  not.) 

• What  can  we  write  about  the 
bodies  of  each  insect?  (Moths 
have  thick  bodies;  butterflies 
have  slender  bodies.) 

• What  can  we  write  about  when 
each  insect  flies?  (Moths  fly  at 
night;  butterflies  fly  in  the  day- 
time.) 

Tell  the  children  that  scientists 
put  things  that  are  alike  into 
groups  to  study,  and  that  the 
scientists  state  the  rules  for  how 


Growth  of  Logic  in  the  Child,  for  further  reading  on  how  children  develop  such  skills. 


Finding  Out  by  Looking  and  Reading 


What  looks  like  a moth? 
You  are  right  if  you  say  a 

butterfly. 

You  can  find  out  more 
about  moths  and  butterflies 
by  looking  at  them.  You 
can  find  out  about  moths 
and  butterflies  by  reading 
about  them. 


Butterfly 


Moth 


Look  at  the  pictures  here. 

Are  all  the  moths  the  same? 
How  are  they  different? 

Are  all  the  butterflies  the  same? 
How  are  they  different? 

Do  the  moths  have  feelers  on 
their  heads? 

Do  the  butterflies  have  feelers? 
Are  a moth’s  feelers  different 
from  a butterfly’s  feelers? 

How  are  they  different? 


Butterfly 


Moths  and  butterflies  are  alike  in  some 


ways, 


Moths  and  butterflies  lay  eggs.  Caterpillars 
come  out  of  the  eggs.  Butterfly  caterpillars  turn 
into  butterflies.  Moth  caterpillars  turn  into 
moths. 

Moths  and  butterflies  are  different  in  some 
ways. 

A moth’s  feelers  look  different  from  a 
butterfly’s  feelers. 

Moths  fly  at  night.  Butterflies  fly  in  the 
daytime. 

What  did  you  find  out  from  reading?  Can 
you  find  out  the  same  things  from  the  pictures? 

What  did  you  find  out  from  the  pictures? 
Can  you  find  out  the  same  things  from  reading? 

Can  you  think  of  things  about  moths  and 
butterflies  that  you  did  not  find  out  at  all? 


things  must  be  alike  to  belong  to 
a certain  group.  In  order  to 
classify,  we  also  have  to  know 
how  the  things  in  one  group 
differ  from  another.  Show  the 
children  a picture  of  a dog  and 
horse. 

• Are  these  the  same  kind  of 
animal? 

9 How  do  we  know  that  the  dog 
is  a dog  and  not  a horse? 

° How  is  each  different  from  the 
other?  (Type  of  foot;  structure  of 
teeth;  type  of  tail.) 

If  the  children  mention  size,  ask: 

• Are  there  very  big  dogs  and  very 
small  horses?  Might  they  almost 
match  in  size? 

• Does  studying  animals  or  taking 
care  of  them  help  you  to  know 
which  group  the  animal  belongs 
to?  (Yes.  If  we  know  an  animal 
is  a dog,  we  know  that  it  will  eat 
certain  foods  and  have  certain 
habits.  We  don't  have  to  study 
about  terriers,  poodles,  Great 
Danes,  and  boxers  as  if  each 
kind  were  completely  different 
from  the  others;  because  all  of 
these  are  dogs,  they  will  all 
have  certain  things  in  common.) 

Follow-Up:  Show  the  children  pic- 
tures of  moths  and  butterflies  and 
have  them  tell  how  they  would  go 
about  identifying  the  insects. 
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Finding  Out  by  Watching 


(pp.  20-25) 

lesson:  How  does  observation 
help  you  to  learn  about  animals? 

Learnings  to  Be  Developed: 

An  aquarium  is  a man-made 
home  for  water  animals. 

To  belong  to  the  group  of  water 
animals  called  fishes , the  animal 
must  live  in  the  water,  be  cold- 
blooded, have  a backbone,  have 
gills,  and,  usually,  have  fins  and 
scales. 

Water  plants  used  in  the  aquarium 
give  off  more  oxygen  than  ordi- 
nary plants.  Fish  need  food  and 
oxygen  for  life. 

Plants  need  the  carbon  dioxide 
released  by  the  fish,  and  fish  use 
the  oxygen  supplied  by  plants.  In 
a balanced  aquarium,  each  living 
thing  provides  something  that  the 
others  need,  and  in  the  right 
amount. 

The  amount  of  chlorine  that  man 
can  tolerate  in  drinking  water  is 
deadly  to  fishes. 

Green  plants  called  algae  will 
grow  in  an  aquarium  from  spores 
in  the  presence  of  light. 

Snails  eat  algae  and  so  help  to 
keep  the  water  in  an  aquarium 
clear. 


Fish  must  live  in  water.  They  cannot  live 
in  air  as  we  do,  or  as  moths  and  butterflies  do. 

You  can  make  an  aquarium  to  see  how 
some  fish  live.  An  aquarium  is  a home  for 
plants  and  animals  that  live  in  water. 

You  will  need  fish  and  plants  and  sand  for 
your  aquarium.  Put  some  snails  in  your 
aquarium,  too. 

When  you  take  care  of  the  fish,  you  will 
find  out  what  they  need.  When  you  watch  the 
fish,  you  will  see  what  they  do.  You  can  find 
out  about  the  plants  and  snails  by  watching 
them  too. 

Where  will  you  get  fish  and  plants  and 
snails?  Where  will  you  get  sand? 

# 

R 


Goldfish 

Besides  the  common  goldfish  shown 
there  are  decorative  varieties  such  as 
the  popeye,  shown  here,  and  the  calico 
and  lionhead. 


Here  are  some  fish  that  you  can  put  into 
your  aquarium. 

How  are  the  fish  alike? 

How  are  the  fish  different? 


Guppies 


shared  by  all  members  of  the 

same  class  and  the  ability  to  distinguish  the  characteristics  ti 


Zebra  fish 
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Developing  the  Lesson:  Start  the  les- 
son with  a discussion. 

Who  can  name  some  animals 
that  live  in  water ? 

Emphasize  that  fishes  are  animals. 
Have  pages  20-21  read  aloud.  Use 
page  21  for  further  work  on  classi- 
fication. 

These  fishes  look  very  different , 
yet  each  one  is  a fish.  What 
makes  a fish  a fish? 

How  is  a fish  different  from  a 
dog  or  a bird? 

Explore  the  characteristics  of  the 
animals  by  asking  the  following 
questions.  Write  answers  on  the 
board  and  underline  new  words. 

Can  a fish  live  on  land  and  can 
a dog  live  under  water? 

Have  you  ever  picked  up  a fish? 
How  does  it  feel , compared  with 
a dog  or  bird?  (Cold;  the  fish  is 
cold-blooded;  its  body  tempera- 
ture corresponds  to  the  temper- 
ature of  the  water  in  which  it 
lives.  The  water  temperature  is 
lower  than  a dog's  body  temper- 
ature.) 

How  is  the  outside  of  the  body 
of  the  fish  different  from  that  of 
the  dog?  (The  fish  has  scales.) 

What  else  do  the  fishes  on  page 
21  have  that  a dog  does  not 
have?  (Fins.) 


Elodea. 


There  is  another  way  that  fishes 
are  different.  Fishes  have  gills  or 
gill  slits.  Through  the  gills,  the  fish 
can  take  in  oxygen  from  the 
water.  Write  the  word  “gills"  on 
the  board  and  have  the  pupils 
pronounce  it. 

• Look  at  each  of  the  fishes  on 
page  21 . How  do  you  know  the 
goldfish  is  a fish? 

Check  off  the  characteristics  of 
the  goldfish  that  can  be  observed 
against  the  list  on  the  board. 
Repeat  for  each  fish. 

Have  the  children  read  page  22 
and  answer  the  questions.  Explain 
that  the  sand  is  clean  when  no 
more  particles  of  debris  separate 
out  and  the  water  is  clear.  Explain 
that  the  fish  need  clear  water  for 
proper  oxygen  supply. 

Call  attention  to  the  picture  at  the 
top  of  page  22. 

• What  are  the  children  using  the 
hose  for?  (To  siphon  off  the 
water  containing  dirt  particles. 

• Follow  the  direction  in  which 
the  water  runs.  Start  with  the 
water  in  the  tank.  In  what  direc- 
tion does  the  water  flow  first? 
(Up.) 

• What  is  strange  about  this?  In 
what  direction  does  water  usual- 
ly flow?  (Down.) 

*What  can  the  teacher  do  to 


The  sand  in  your 
aquarium  will  have  to  be 
clean.  Be  sure  to  wash  it. 
How  will  you  know  when 
the  sand  is  clean?  When 
the  sand  is  clean,  put  it 
into  your  aquarium.  Why 
should  you  use  only  clean 
sand? 


Get  some  plants  that 
will  grow  in  water.  Put 
them  in  the  sand.  Put 
them  in  carefully  so  that 
they  will  stay  in  the  sand. 
Where  can  you  find  out 
about  plants  that  will 
grow  in  an  aquarium? 

Now  put  the  water 
into  the  aquarium. 


Each  fish  will  need 
this  much  water.  How 
much  water  would  two 
fish  need?  How  much 
water  would  ten  fish  need? 


Quart  bottles 


Let  the  water  stand  for  a day  or  two.  Then 
put  the  fish  and  snails  into  the  water. 

The  fish  will  need  some  light.  If  there  is 
too  much  light,  little  green  plants  that  you  do 
not  want  will  grow.  They  will  grow  so  fast 
that  they  will  make  the  water  look  green. 


make  the  water  go  up?  (Suck 
air  out  of  the  tube;  water  will 
enter  to  fill  the  space  and  will  be 
pushed  upward  by  the  force 
behind  it.) 

Show  the  children  how  to  move 
water  from  a higher  level  to  a 
lower  level,  to  find  out  how  the 
siphon  works. 

Plants  that  grow  in  water  are 
oxygenating  plants.  They  provide 
more  oxygen  than  ordinary  plants. 
If  water  plants  are  available,  chil- 
dren can  observe  bubbles  of  gas 
as  they  are  given  off  by  the  plants. 
A florist  may  be  able  to  supply 
information  about  such  plants. 
Sagittaria  is  one  such  water  plant. 

Have  the  children  read  the  top 
paragraph  on  page  23  and  figure 
out  how  many  quarts  of  water  are 
needed  for  two  fish,  five  fish,  or 
ten  fish.  Actually,  the  amount  of 
water  is  a rough  estimate;  the 
amount  needed  will  vary  with  the 
size  of  the  fish. 

• What  might  happen  if  we  had 
less  water  for  the  fish? 

• What  is  in  the  water  that  the  fish 
need? 

Remind  the  class  that  fish  need 
the  oxygen  that  the  green  plants 
give  off  into  the  water.  Otherwise 
the  fish  must  surface  for  air. 
Children  may  have  seen  an 
aquarium  with  an  aerator. 


Have  the  rest  of  page  23  read 
aloud.  Explain  that  there  is 
chlorine  in  our  drinking  water; 
the  chlorine  is  put  there  to  kill 
germs.  Chlorine  is  a poison.  The 
amount  of  chlorine  in  the  water  is 
small  in  proportion  to  the  amount 
of  water  in  our  bodies,  so  it 
doesn't  hurt  us.  But  it  is  too  much 
in  proportion  to  the  amount  of 
water  for  smaller  animals  such  as 
the  fish.  The  fish  might  die  in  the 
chlorinated  water.  If  the  water  is 
allowed  to  stand  for  about  24 
hours,  the  chlorine  will  pass  off 
into  the  air  and  the  water  will  be 
safe  for  the  fish. 

Following  oral  reading,  have  a 
discussion  of  what  fishes  eat  in 
their  natural  environments.  Ask 
how  many  children  have  ever 
gone  fishing  and  what  they  have 
used  for  bait. 

If  the  children  are  keeping  an 
aquarium  in  school  and  using  pre- 
pared fish  food,  read  the  direc- 
tions printed  on  the  box  of  food. 
Note  the  caution  about  overfeed- 
ing. In  their  natural  environment, 
regulatory  mechanisms  protect 
the  fish  from  overeating.  But  in 
the  aquarium  these  do  not  appear 
to  work  efficiently,  and  the  fish 
can  suffer  from  too  much  food. 
Uneaten  food  should  be  skimmed 
out  of  the  water  after  10  minutes. 


The  fish  will  need  air  just  as  you  need  air. 
Fish  get  air  from  the  water.  You  must  let  air 
get  into  the  water. 


The  fish  will  need 
food.  You  can  buy 
food  for  them  in  a 
pet  shop. 


Put  a cover  on 
your  aquarium.  Put 
it  on  like  this. 

Can  air  get  into 
the  water? 


Give  them  very 
little  food  at  one 
time.  Read  the  words 
on  the  box  of  food. 
Do  just  what  they 
tell  you  to  do. 


The  snails  need  food,  too,  but  you  do  not 
have  to  feed  them.  They  will  find  food  to  eat. 

Watch  how  the  snails  move  about  in  the 
aquarium.  They  are  looking  for  food. 

The  snails  will  help  keep  the  aquarium 
clean.  Can  you  tell  how?  Watch  the  snails 


Note  opportunity  for  stressing  the  key  concept  of  equilibrium,  or  balance,  in  the 

natural  an\/i rn n mc*nt 


An  interesting  experiment  in  ani- 
mal learning  can  be  done  with  the 
fish.  Every  time  the  fish  are  fed, 
have  a child  tap  the  side  of  the 
glass.  Repeat  for  a week  and  then 
see  if  the  fish  will  rise  to  the 
surface  with  the  tapping  only. 

The  movement  and  feeding  habits 
of  the  snail  are  very  interesting  to 
observe.  The  snail  can  usually  be 
observed  moving  on  its  broad  foot 
along  the  surface  of  the  glass.  At 
the  tip  of  one  of  the  snail's  pro- 
truding stalks  is  a spot  that  is 
sensitive  to  light,  although  it  is  not 
sufficiently  developed  to  be  called 
an  eye.  The  opening  near  the  foot 
is  the  mouth.  Snails  eat  algae  and 
thus  help  to  stabilize  the  green 
plant  growth. 

Emphasize  the  concept  of  balance 
in  nature. 

What  would  happen  if  you  did 
not  use  plants  in  the  aquarium ? 
(It  would  then  be  necessary  to 
provide  for  additional  air  by  use 
of  a device  such  as  the  aerator. 

What  would  happen  if  there 
were  no  snails  in  the  aquarium ? 
(The  tank  fills  up  with  algae.) 

Why  can  the  plants  and  fish  get 
along?  (Each  provides  something 
that  the  other  needs.  Plants  give 
off  oxygen  needed  by  the  fish; 
fish  release  carbon  dioxide 
needed  by  the  plants.) 


See  if  children  can  name  the  science  specialties  referred  to  by  the  text:  biology, 
psychology,  geology,  astronomy,  physics. 

Scientists  Find  Out 


TEACHING  SUGGESTIONS 

(pp.  26-28) 

LESSON:  What  do  scientists  do? 
Learnings  to  Be  Developed: 

Scientists  try  to  find  explanations 
for  what  goes  on  in  the  universe. 

Different  kinds  of  scientists  study 
different  kinds  of  problems. 

Observing  and  measuring  care- 
fully are  important  in  finding 
answers. 

Developing  the  Lesson:  Write  the 
word  "scientist”  on  the  chalk- 
board. Ask  the  children  what  the 
word  means.  Most  of  the  answers 
will  probably  have  to  do  with 
exploration  of  space.  Explain  that 
there  are  many  other  problems 
that  scientists  study.  Have  pages 
26-28  read  orally.  Discuss  the 
work  of  the  different  kinds  of 
scientists. 

What  do  scientists  try  to  find  out 
about  plants?  About  animals? 
About  people?  About  the  earth? 
About  other  planets?  About 
moving  things? 

Emphasize  the  tremendous  variety 
of  problems  being  studied  by 
today's  scientists. 

Discuss  the  illustrations  on  pages 
26-28.  Emphasize  the  type  of 
problems  studied  and  the  instru- 
ments used. 


A scientist  finds  out  about  many  things. 
Finding  out  about  things  is  his  work.  A 
scientist  may  want  to  work  alone.  Sometimes 
many  scientists  work  together. 


Scientists  find  out  about 
plants  and  animals. 


Scientists  find  out  about  people. 

Scientists  find  out  about  the  earth  and 
the  sun. 


Why  do  you  think  the  scientist  is 
weighing  the  rabbit?  (Perhaps  it 
is  an  experiment  that  had  to  do 
with  the  rabbit's  diet.) 

What  do  you  think  the  scientist 
is  adding  to  the  plant?  (Perhaps 
something  to  promote  growth.) 

Would  he  add  it  to  all  the 
plants? 

What  would  he  do  to  see  if  the 
plants  grew  better?  (He  would 
set  up  controls.) 

Note  on  page  28  that  some  of  the 
ways  of  studying  human  beings 
are  also  used  for  animals.  The 
scientist  can  measure  the  dog's 
heartbeat  and  blood  pressure. 

What  ways  that  the  scientist  uses 
to  find  out  about  things  are  the 
same  ways  that  you  use?  (He 
uses  his  senses.) 

Why  does  the  scientist  have  to 
measure  with  instruments,  in 
addition  to  using  his  senses? 

Why  aren't  his  senses  enough? 
(He  needs  exact  information; 
with  his  senses  he  cannot  be 
exact.) 

Have  the  children  look  back  at 
pages  6-9. 

Are  there  any  other  reasons  for 
measuring?  (The  senses  can  mis- 
lead us;  things  are  not  always 
the  way  they  appear  to  the 
senses.) 


TEACHING  SUGGESTIONS 

(pp.  29-31) 

Background:  Tell  the  children  that 
the  next  three  pages  are  review 
pages  to  help  them  remember 
what  they  have  learned.  For  this 
page,  be  sure  to  have  the  children 
write  the  answers  in  their  note- 
books. 


Scientists  find  out  about  things  in  many 
ways.  Some  of  the  ways  they  use  to  find  out 
are  the  same  ways  that  you  use. 

Scientists  find  out  by  seeing  and  hearing. 
Scientists  also  find  out  by  tasting  and  smelling 
and  feeling. 

Scientists  find  out  by  watching  things  for  a 
long  time. 

Scientists  find  out  by  reading  books.  Who 
writes  the  books?  How  did  the  writers  find  out? 

Scientists  find  out  by  measuring. 

Can  you  think  of  other  ways  scientists  can 
find  out  about  things? 


Tell  the  Word 


Aquarium 

Butterfly 

Caterpillar 

Cocoon 

Feelers 

Moth 

Snail 

The  review  continues  on  pages  30 
and  31.  Have  the  questions  read 
aloud  and  answered  in  turn.  Use 
discussion  wherever  appropriate. 
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What  Do  You  Know? 


Children  are  likely  to  respond  to 
the  question  about  the  piano  by 
answering  "By  hearing  or  seeing." 
Ask  if  it  is  also  possible  to  know 
by  the  sense  of  touch  that  the 
piano  is  being  played.  Tell  them 
about  the  sensitivity  of  Helen 
Keller,  who,  though  blind  and 
deaf,  could  sense  vibrations  from 
the  piano  and  even  distinguish 
what  was  being  played. 

The  caterpillar  has  different  body 
parts;  crawls  instead  of  flies;  eats 
leaves  rather  than  nectar. 


John  knows  that  Jane  is 
playing  the  piano.  How  did  he 
find  out? 


Tell  how  a caterpillar  is 
not  like  a moth. 


The  butterfly  is  on  the  left;  it  has 
the  slender  body  and  knobs  on  its 
feelers  characteristic  of  butter- 
flies. 

To  make  an  aquarium,  wash  sand 
and  put  it  at  the  bottom  of  the 
tank;  put  some  special  water 
plants  in  the  sand;  measure  a 
quart  of  water  for  each  fish  and 
let  the  water  stand  so  that  the 
chlorine  will  escape;  pour  in  the 
water;  put  in  the  fish  and  snails; 
cover  the  tank,  but  allow  air  to  get 
in. 


Which  one  is  the  butterfly? 
How  do  you  know? 


Tell  how  to  make 


an 


aquarium. 


Tell  what  things  snails 
need. 


What  can  you  use  to  find 
out  how  heavy  something  is? 


What  can  you  use  to  find 
out  how  tall  something  is? 


What  can  you  use  to  find 
out  how  hot  something  is? 


What  can  you  use  to  find 
out  how  fast  something  is 
going? 


Snails,  like  all  living  things,  need 
food,  water  of  the  proper  temper- 
ature, and  oxygen. 

There  are  different  kinds  of  scales 
to  use  in  measuring  weight.  The 
two-pan  balance  is  one  kind  used 
in  scientific  work. 

To  measure  height,  any  object 
whose  length  is  easily  manageable 
can  be  used  as  a unit.  We  can  say 
that  the  door  is  so  many  hands 
high,  or  as  high  as  so  many  sticks. 
We  can  also  use  some  kind  of 
rule,  such  as  a foot-ruler  or  a yard- 
stick, marked  off  into  standard 
units. 

We  measure  temperature,  in  de- 
grees, with  a thermometer.  Ask 
the  pupils  to  tell  about  the  various 
kinds  of  thermometers  with  which 
they  are  familiar. 

The  speedometer  on  a car  tells  us 
how  fast  the  car  is  going.  We  can 
tell  without  a speedometer  how 
fast  something  is  going  by  how 
long  it  takes  the  car  to  move 
across  a distance. 

Suppose  you  walk  from  here  to 
the  shopping  center.  Suppose 
it's  three  miles  from  here  to 
there.  It  takes  you  one  hour  to 
walk  it.  How  fast  are  you 
walking ? 
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KEY  CONCEPTS 


Key  Concept  i.  Events  in  the  nat- 
ural environment  happen  in  an 
orderly  rather  than  a haphazard 
way;  man  searches  for  laws  to  ex- 
plain this  order  by  observing,  hy- 
pothesizing, checking  his  ideas, 
and  rejecting  those  which  do  not 
square  with  reality. 

Key  Concept  4.  All  objects  in  the 
universe  and  all  particles  of  mat- 
ter are  constantly  in  motion;  man 
has  discovered  and  stated  the  laws 
governing  their  motion. 

Key  Concept  5.  The  motion  of 
particles  helps  to  explain  such 
phenomena  as  heat,  light,  electric- 
ity, magnetism,  and  chemical 
change. 

Key  Concept  9.  The  scientist  has 
developed  measures  of  space, 
time,  and  matter  so  that  he  can 
communicate  explanations  that 
are  reproducible  and  make  pre- 
dictions about  events  in  the  nat- 
ural environment. 

CONCEPTS: 

1.  Pushes  and  pulls  are  forces. 

2.  Forces  are  required  to  move 
things. 

3.  There  are  different  kinds  of 
forces. 

4.  Forces  have  direction,  and  bod- 
ies move  in  the  direction  of  the 
applied  force. 

5.  The  more  massive  the  body, 
the  greater  the  force  needed  to 
move  it. 


hi 


This  unit  in  elementary  physics  develops  key  concept  4: 
“ All  objects  in  the  universe  and  all  particles  of  matter  are 
constantly  in  motion.  Man  has  discovered  and  stated  the 
laws  governing  their  motion.”  The  unit  attempts  to  correct 
certain  misconceptions  children  have  about  objects  in 
motion  and  to  build  thinking  processes  that  facilitate  the 
study  of  forces.  The  science  subject  matter  is  based  on 
Newton’s  First  and  Second  Laws  of  Motion.  These  laws  are 
developed  through  the  use  of  motor  experiences  and  mental 
images. 


o 

. Other  concepts  appear  under  the  “Learnings  to  Be  Developed" 
rw  section  in  each  lesson  found  in  the  Teaching  Suggestions. 

FINDING  OUT  ABOUT 

Forces 


You  have  learned  ways  to  find 
out  about  things.  Now  you  can  use 
these  ways  to  find  out  about 
moving  things.  Study  the  picture. 
Tom  and  Jane  see  many  different 
kinds  of  moving  things.  How  many 
do  you  see?  How  do  they  move? 
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6.  When  opposite  forces  acting 
upon  a body  are  balanced,  the 
body  does  not  move. 

7.  When  opposite  forces  acting 
upon  a body  are  unbalanced,  the 
body  moves  in  the  direction  of 
the  greater  force. 

8.  Once  a body  is  set  in  motion 
it  will  continue  to  move  in  a 
straight  line  at  a constant  speed 
unless  acted  upon  by  outside 
forces.  A body  at  rest  tends  to 
remain  at  rest  until  acted  upon 
by  some  outside  force. 

9.  Pulleys  and  gear  wheels  are 
used  in  moving  things  and  to 
change  the  direction  of  motion 
from  that  of  the  applied  force. 

10.  You  can  find  out  about  some 
things  by  doing  experiments. 

PROCESSES: 

Observing — Pages  33,  34,  35, 
36,  37,  38,  39,  40,  41,  42,  43, 
44,  45,  46,  47,  48,  49,  50,  51, 
52,  53,  54,  55,  56,  57,  58,  59. 
Experimenting — 38,  45,  54,  55. 
Comparing — 33,  34,  36,  37,  38, 
40,  41,  42,  43,  44,  45,  46,  47,  48, 
49,  50,  52,  53,  54,  55,  57. 

Inferring— 36,  37,  38,  42,  43, 
44,  45,  46,  47,  49,  50,  52,  54, 
55,  57. 

o Measuring — 38. 

Selecting — 57,  58,  59. 
Explaining — 33,  34,  35,  40,  41, 
46,  47,  48,  50,  52. 

Hypothesizing — 36,  37,  38,  40, 
42,  43,  44,  45,  46,  47. 


TEACHING  SUGGESTIONS 
(pp.  34-37) 

LESSON:  What  makes  something 
start  moving,  and  in  what  direc- 
tion will  it  go? 

Learnings  to  Be  Developed: 

A push  or  a pull  must  be  exerted 
for  an  object  to  be  set  in  motion. 

The  push  or  the  pull  can  be  sup- 
plied in  many  ways,  such  as  by 
air,  by  muscles,  and  by  magnets. 

Starting  from  rest,  an  object  will 
move  in  the  direction  of  the 
applied  force. 

Developing  the  Lesson:  Tell  children 
that  the  unit  they  are  to  read  is 
about  moving  things.  Read  the 
unit  title  to  the  children. 

Why  do  we  need  to  find  out 
about  forces  when  we  study 
moving  things? 

What  does  a force  have  to  do 
with  moving  things?  (A  force  is 
needed  to  start  something 
moving.) 

Let  the  children  speculate  about 
the  answers  to  your  questions,  but 
leave  final  answers  open.  Explain 
that  in  this  unit  the  children  will 
read  and  experiment  to  find  out 
the  answers  to  these  questions 
about  forces  and  moving  things. 
Have  page  33  read  aloud.  Have 
the  children  name  the  moving 


language.  Encourage  pupils,  as  the  lesson  plan  suggests,  to  use  the  proper  terminol- 
ogy to  explain  the  motion  of  objects. 


Things  do  not  start  to  move 
by  themselves. 

Move  a chair.  What  did  you 
do  to  make  it  move? 

Things  need  a push  or  a 
pull  to  make  them  move. 


Pushes  and  pulls  are  called  forces.  Some 
forces  come  from  using  our  body.  Some  forces 
come  from  other  things. 

One  of  the  concepts  often  confused  with  force  is  the  concept  of  energy.  Energy  is 
required  to  exert  a force  on  an  object,  but  energy  itself  is  not  a force. 

What  makes  the  broom  move? 
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What  makes  the  leaves  move? 


What  makes  the  train  move? 


What  makes  the  stones  move? 


objects  they  see  in  the  picture. 
They  will  find  out,  in  reading  the 
unit,  what  makes  things  move. 

To  stimulate  more  thinking  about 
problems,  an  alternate  approach 
in  introducing  the  unit  is  to  use 
windup  toys,  pull  toys,  magnets, 
and  gravity  to  demonstrate  how 
things  start  moving. 

The  children's  ideas  about  each 
problem  can  be  written  down  and 
checked  against  the  text  as  it  is 
read. 

Have  page  34  read  orally,  and  the 
questions  answered.  It  is  impor- 
tant that  the  questions  of  what 
makes  the  broom  move  and  what 
makes  the  nail  move  be  answered 
by  using  the  word  "force,"  or  "a 
push  or  a pull."  It  is  not  muscles 
that  move  the  broom,  but  a force 
acting  on  the  broom  with  energy 
supplied  by  the  muscles. 

If  children  answer  that  "The  mag- 
net is  moving  the  nail,"  say,  "Yes, 
but  what  do  we  call  the  pull  that 
comes  from  the  magnet?"  (A 
force.) 

Put  a toothpick  on  each  child's 
desk. 

Is  the  toothpick  moving?  (No.) 

To  start  it  moving,  what  must  be 
done?"  (A  force  outside  the 
toothpick  has  to  act  on  it.) 


3 What  are  some  ways  we  can 
supply  the  force ? (Blow  on  it; 
push  it.) 

Hold  up  a toothpick  for  the 
children  to  see. 

• Is  there  some  way  to  start  the 
toothpick  moving  besides  blow- 
ing on  it  or  pushing  it?  (Drop  it.) 

The  following  are  the  answers  to 
the  questions  on  page  35;  a force 
supplied  by  wind  makes  the 
leaves  move;  a force  supplied  by 
burning  oil  makes  the  train  move; 
the  force  of  moving  water  makes 
the  stones  move. 

As  an  assignment  for  these  pages, 
have  the  children  cut  and  paste 
pictures  from  magazines  or  draw 
pictures  of  things  in  motion. 

Demonstrate  that  a force  can  be 
either  a push  or  a pull.  Have  a 
child  push  a toy  wheel  and  then 
pull  it. 

What  do  we  call  the  push  and 
the  pull  that  act  on  the  toy? 
(Forces.) 

Have  page  36  read  aloud  and  have 
the  questions  answered.  It  is  likely 
that  the  children  have  been  ac- 
customed to  thinking  of  motion 
solely  in  relation  to  themselves. 
Therefore  they  are  likely  to  give 
the  answer  that  “The  ball  moves 
away  from  the  boy  when  it  is 
pushed.”  Use  page  36  to  help 


tion  of  the  length  of  the  arrow  to  denote  the  magnitude  of  the  force  comes  later.  Such 

Where  Will  It  Go? 

Tom  wants  to  roll  the  ball  through  the  gate. 


How  must  he 
push  the  ball  to 
make  it  go  through 
the  gate? 
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motorically. 


JC 


In  what  direction  is  the  push? 
Where  will  the  ball  go? 


In  what  direction  is  the  pull? 
Where  will  the  box  move? 


In  what  direction  is  the  push? 
Where  will  the  ball  go? 


In  what  direction  is  the  pull? 

Where  will  the  nail  go? 

A push  or  a pull  is  needed  to 
start  something  moving.  The 
thing  will  move  in  the  direction  of 
the  push  or  the  pull. 

to  Newton 's 
First  Law  of  Motion,  a body  at  rest 
tends  to  stay  at  rest,  and  a body  in  motion  tends  to  continue  moving  in  a straight  line 
unless,  in  either  case,  the  body  is  acted  upon  by  some  unbalanced  force.  Here  the 
concept  of  direction  of  motion  in  relation  to  the  applied  force  is  developed,  as  the 
last  sentence  in  the  text  indicates. 


children  develop  a way  of  think- 
ing about  motion  apart  from 
themselves.  They  must  learn  to 
see  the  direction  of  the  moving 
object  in  relation  to  the  direction 
of  the  force  that  is  being  exerted, 
rather  than  in  relation  to  the  per- 
son exerting  the  force.  If  a child 
gives  an  answer  such  as,  “It's 
going  away  from  the  boy,"  say, 
“The  arrow  shows  the  direction  of 
the  force.  Is  the  ball  going  in  that 
same  direction?" 

Have  children  use  their  index  fin- 
gers to  move  objects  on  their 
desks.  Have  them  push  each  ob- 
ject in  a different  direction.  Have 
children  explain  what  happens  in 
terms  of  the  object's  going  in  the 
same  direction  as  the  push. 

Have  the  children  build  the 
notion  of  direction  into  their  sen- 
sorimotor system  by  performing 
the  activities  on  the  page. 
Demonstrate  the  direction  of  the 
force  by  using  gestures. 

Follow-Up: 

What  makes  something  start 
moving ? 

O ADDITIONAL  ACTIVITIES: 

Here  is  a book  on  the  table.  I 
want  the  book  over  in  this  cor- 
ner. Push  it  over  and  then  draw 
an  arrow  on  the  board  to  show 
the  direction  of  the  force.  Vary 
the  objects  and  directions. 


TEACHING  SUGGESTIONS 
(pp.  38-44) 

lesson:  How  can  you  use  forces? 
Learnings  to  Be  Developed: 

Forces  differ  in  size. 

A steady  force  makes  things  speed 
up. 

How  fast  an  object  will  move  de- 
pends also  upon  its  weight;  if  you 
apply  forces  of  equal  size  to 
objects  of  different  weights,  the 
objects  will  gain  speed  at  different 
rates. 

An  object  will  not  move  if  two 
forces  equal  in  size  but  opposite 
in  direction  are  applied  to  it. 

If  an  object  does  not  move,  the 
forces  acting  on  it  are  balanced. 

If  two  forces  of  unequal  size  are 
applied  to  an  object,  the  object 
will  move  in  the  direction  of  the 
stronger  force. 

Developing  the  Lesson:  The  material 
in  this  lesson  is  designed  to  de- 
velop the  concept  of  Newton's 
Second  Law  of  Motion.  A body 
acted  on  by  an  unbalanced  force 
will  accelerate  in  the  direction  of 
the  force.  The  acceleration  will  be 
directly  proportional  to  the  unbal- 
anced force  and  inversely  propor- 
tional to  the  mass  of  the  body.) 
Pupils  must  begin  to  think  of 
forces  as  having  size,  and  then 
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Now  put  a string 
around  the  little  rock.  Tie 
the  string  to  the  rubber 
band.  Pull  the  rock. 

Which  rock  was  harder  to  pull?  When  did 
you  use  more  force?  How  could  you  tell? 

38 


have  size  (magnitude)  as  well  as  direction. 

How  Big  a Push  or  a Pull? 

You  can  push  or  pull  hard.  You  can  push  or 
pull  gently.  Forces  can  be  different. 

When  do  you  need  a big  force?  When  do 
you  need  a little  force?  You  can  find  out. 

Get  a big  rock  and  a 
little  rock. 

Put  a string  around 
the  big  rock.  Tie  the  string 
to  a rubber  band.  Pull 
the  rock. 

Rubber  band 


Here  is  an  application  of  Newton's  Second  Law:  to  maintain  a given  acceleration 
upon  increasingly  massive  objects,  increasing  force  must  be  applied. 


Using  a Steady  Push 


Anne  wants  a ride.  Dick  pushes  the  wagon. 
He  pushes  the  wagon  hard  to  make  it  start 
moving. 


Dick  keeps  on  pushing  just  as  hard.  The 
wagon  begins  to  speed  up.  Soon,  Dick  can 
not  keep  up  with  the  wagon.  With  a steady 
push,  things  move  faster  and  faster. 
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begin  to  see  size  of  force  in  rela- 
tion to  the  weight  of  the  object  to 
be  moved,  as  well  as  in  relation  to 
the  distance  over  which  the  object 
is  to  be  moved.  They  can  get  the 
concept  first  in  a sensorimotor 
fashion,  by  feeling  how  the  mus- 
cles exert  themselves  when  pull- 
ing the  big  rock  and  then  the 
little  rock. 

Have  the  top  half  of  page  38  read, 
and  carry  out  the  directions.  Let 
several  pupils  have  a chance  pull- 
ing the  big  rock,  or  try  using  six 
heavy  books  together.  If  heavy 
objects  are  to  be  pulled,  use  a 
rubber  strip  from  an  inner  tube  or 
a piece  of  strong  elastic  in  place 
of  the  rubber  band. 

Repeat  the  activity,  using  a little 
rock  for  a single  book. 

On  page  38,  the  weight  of  the  ob- 
ject was  varied.  But  on  page  39, 
pupils  are  presented  with  a situa- 
tion where  both  the  weight  of  the 
object  and  the  size  of  the  force 
stay  the  same.  What  happens? 
After  oral  reading  of  the  page,  ask 
the  pupils  if  they  have  had  expe- 
riences in  trying  to  keep  up  with 
something  they  were  pushing. 

The  effect  of  a steady  force  is  hard 
for  children  to  grasp.  It  seems  con- 
trary to  common  sense  to  think 
that  something  speeds  up  with  a 
steady  push.  Children  are  inclined 


39 


•uuceu  uifvuyi 


VUJCKsL  ai  C II I u u 


motor  activity. 


Pushing  Heavy  and  Light  Things 


to  believe  that  a steady  force  re- 
sults in  motion  at  the  same  speed. 
This  is  partly  because  friction 
usually  slows  things  down;  thus 
the  accelerating  effect  of  a steady 
force  is  modified.  Have  the  chil- 
dren relate  their  experiences  in 
pushing  a doll  carriage  or  other 
wheeled  toy  when  it  was  hard  to 
keep  pace  with  the  carriage  or 
toy.  Ask  if  it  was  easier  to  keep 
pace  on  a smooth  surface  or  a 
bumpy  surface. 

In  the  activity  on  page  40,  we  have 
another  application  of  Newton's 
Second  Law.  In  this  case  the 
weight  of  the  object  to  be  moved 
is  varied,  while  the  force  stays  the 
same.  Use  page  38  to  give  children 
practice  in  analyzing  a case  to  see 
what  the  variables  are,  as  sug- 
gested below.  Explain  to  the  chil- 
dren that  so  far  they  have  seen 
only  what  happens  to  a moving 
thing  when  the  push  or  pull  stays 
the  same.  Now  they  will  see  what 
happens  when  the  push  stays  the 
same  but  one  object  is  heavier. 

Have  a pupil  read  and  answer  the 
question  on  page  40  (Jane's  swing 
will  reach  a given  height  faster 
than  Mary's). 

To  explain  why  Jane  goes  faster, 
we  need  to  know  what  things 
are  the  same  and  what  is  differ- 
ent. Who  can  tell  us  what  is  the 
same?  (Force.) 


Mary  is  much  bigger  than  Jane. 

Bob  is  pushing  Mary,  and  Dick  is  pushing 
Jane.  Dick  is  pushing  just  as  hard  as  Bob. 
Which  swing  will  go  faster?  Why? 
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When  Forces  Are  the  Same  Size 


Tom  is  pushing  in  one  direction.  Paul  is 
pushing  in  the  other  direction. 

Paul  is  pushing  as  hard  as  Tom.  The  forces 
are  the  same.  Will  the  desk  move? 


An  illustration  of  balanced  forces: 
equal  size, 


Now  Tom  is  pushing  harder  than  Paul. 

Will  the  desk  move?  In  which  direction  will 

. 0 An  unbalanced  force  is 

it  move/ 


Who  can  tell  what  is  different? 
(Weight.) 

How  could  we  make  Mary's 
swing  catch  up  to  Jane's?  (In- 
crease the  force  on  Mary's 
swing.) 

It  is  difficult  to  try  out  this  case 
experimentally,  since  it  is  hard  to 
control  the  size  of  the  force  on 
two  objects  simultaneously  with- 
out using  some  instrument.  How- 
ever, a child  may  get  the  feel  of 
the  concept  involved  if  he  pushes 
two  children  differing  in  weight 
on  the  swings,  alternating  between 
them  with  each  push.  Or,  each 
child  might  try  lifting  two  weights 
from  the  floor,  keeping  in  mind 
that  the  same  force  must  be  ex- 
erted on  each  weight.  Children 
can  see  that  the  lighter  one  can 
be  moved  over  the  same  distance 
in  a shorter  period  of  time.  Or, 
two  wheeled  toys  varying  in 
weight  can  be  used.  Have  a child 
push  the  heavy  one  and  light  one 
simultaneously  with  index  fingers 
of  each  hand,  keeping  size  of  push 
the  same.  Have  the  class  observe 
difference  in  acceleration. 

Two  additional  cases,  each  involv- 
ing opposing  forces,  are  intro- 
duced on  page  41.  In  one,  forces 
are  equal  in  size;  in  the  other,  one 
force  is  bigger  than  the  other. 
Have  children  read  the  top  of 
page  41.  Identify  Paul  as  being  on 
right  and  Tom  on  left. 


Pushing  Against  a Force 


; Can  we  tell  from  looking  at  the 
arrows  that  the  forces  are  the 
same ? (Arrows  are  same  length.) 

How  can  we  be  sure  that  the 
arrows  are  the  same  length ? (By 
measuring  them.) 

Give  each  pupil  a two-inch  strip 
of  paper  to  use  in  measuring. 

» How  can  we  tell  the  direction  of 
the  push  by  looking  at  the  ar- 
rows? (The  tip  of  the  arrow 
shows  direction.) 

Have  children  read  bottom  para- 
graph on  page  41  and  answer 
questions  (desk  will  go  in  direc- 
tion of  larger  force).  With  fast 
learners,  give  each  child  a strip  of 
paper  as  long  as  arrow  on  Paul's 
side. 

Can  we  use  this  strip  to  find  out 
how  many  times  bigger  Tom's 
push  is? 

Draw  two  arrows  of  the  same 
length,  in  opposite  directions,  on 
the  chalkboard. 

We  call  these  "balanced  forces." 
Here  are  two  more  balanced 
forces  (horizontal  and  vertical). 
These  forces  are  not  balanced. 
(Draw  two  arrows  same  length, 
in  same  direction).  These  forces 
are  not  balanced  (draw  two  ar- 
rows in  opposite  direction  but 
different  lengths).  When  are 
forces  in  balance?  (When  same 
size  and  in  opposite  directions.) 


The  wind  is  blowing.  Lucy  tries  to  walk. 

What  will  happen  if  the  wind  pushes  as 
hard  as  Lucy  pushes? 

What  will  happen  if  the  wind  pushes  harder 
than  Lucy  pushes? 

What  will  happen  if  Lucy  pushes  harder 
than  the  wind  pushes? 


Use  of  force  diagrams  as  suggested  in  teaching  suggestions  will  help  pupils  build  a 
mental  image  of  the  size  and  direction  of  the  forces  in  each  problem,  and  thus  aid 
development  of  the  concept  of  balanced  forces. 


Jim  and  David  are  playing.  Jim  is  trying 
to  win,  and  David  is  trying  to  win. 

What  will  happen  if  Jim  pushes  as  hard 
as  David? 

What  will  happen  if  Jim  pushes  harder 
than  David? 

What  will  happen  if  David  pushes  harder 
than  Jim? 


Use  page  42  to  review  balanced 
forces.  Have  page  read  orally. 

Can  we  draw  arrows  to  show  the 
wind's  push  and  Lucy's  push 
each  time ? 

Who  can  do  the  first  one , where 
the  wind  pushes  just  as  hard  as 
Lucy ? 

Have  the  pupils  draw  force  dia- 
grams—lines  having  the  same 
length,  but  going  in  opposite 
directions.  Have  the  pupils  draw 
these  diagrams  for  each  situation: 
when  the  wind  and  Lucy  are  push- 
ing against  each  other  with  the 
same  force;  when  the  wind  is 
pushing  harder;  and  when  Lucy 
pushes  harder.  Have  the  pupils 
predict  what  will  happen  to  Lucy 
—will  she  stand  still  or  move  for- 
ward in  each  case? 

Suppose  Lucy  is  walking  in  the 
direction  that  the  wind  is  blow- 
ing. What  will  happen ? 

Have  the  children  read  page  43. 

Let's  try  the  same  thing  as  Jim 
and  David.  Work  with  your 
neighbor.  Put  your  elbow  against 
the  desk  and  have  your  arms 
touching  along  the  sides  (not  as 
in  the  picture,  where  one  child 
has  succeeded  in  pushing  the 
other  back).  Then  clasp  hands. 
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Tell  the  children  that  the  object  of 
the  game  is  to  exert  enough  force 
to  make  the  other  child's  arm  give 
way.  Then  have  the  children  begin. 
After  about  30  seconds,  stop  the 
activity. 

What  does  it  mean  when  neither 
of  two  pupils  was  able  to  push 
the  other's  arm  down?  (The 
forces  were  balanced.)  Have  a 
pupil  draw  arrows  on  the  chalk- 
board to  illustrate  equal  forces. 

Have  one  of  the  winners  use 
force  diagrams  to  illustrate  what 
happened. 

So  that  the  pupils  do  not  identify 
a force  only  with  a push,  a case 
where  the  force  is  a pull  is  intro- 
duced on  page  44.  Give  names  to 
identify  the  boys.  Have  a pupil 
draw  an  arrow  to  show  the  force 
exerted  by  the  boy  on  the  left. 
Direction  is  now  toward  the  left. 

How  long  should  the  line  be  for 
the  boy  on  the  right?  (Same 
length.) 

What  direction  is  the  pull?  (To 
the  right.) 

Why  doesn't  the  rope  move? 
(Pulls  are  the  same  size,  but  in 
opposite  directions.) 

What  can  we  do  to  the  arrow  to 
show  that  the  pull  is  twice  as  big 
when  two  boys  pull?  (Make  ar- 
row twice  as  long.) 


Pulling  Against  a Force 


When  pulls  are  the  same  from  both  sides, 
then  a thing  will  not  move. 


But  if  one  pull  is  bigger,  then  the  thing 


will  move.  Which  way  will  it  move? 


unbalanced  force,  as  is  the  case  below. 


string  applies  an  opposing  force  to  the  skate,  not  the  doll;  the  doll  continues  in  a 
forward  motion,  as  Newton’s  First  Law  predicts. 


Making  Things  Stop 


When  something  is  moving,  you  need  a 
force  to  stop  it. 

Try  this. 

Put  a doll  or  a toy  on  a skate.  Tie  a string 
to  the  skate. 

Hold  the  string.  Push 
the  skate  to  make  it  move. 

What  happens  to  the 
doll  when  the  skate 
starts  moving? 


When  does  the  skate 
stop  moving? 

What  happens  to  the  doll  when  the 
skate  stops? 

How  can  you  keep  the  doll  from  falling 
when  the  skate  stops  moving? 


TEACHING  SUGGESTIONS 

(pp.  45-47) 

$ LESSON:  What  happens  when 
moving  things  stop  suddenly? 

Learnings  to  Be  Developed: 

Once  an  object  starts  to  move,  it 
continues  to  move  unless  stopped 
by  another  force. 

When  a moving  vehicle  stops 
quickly,  its  passengers  keep  mov- 
ing in  the  direction  of  the  motion. 

Developing  the  Lesson:  The  first  of 
the  basic  laws  of  motion  is  incor- 
porated in  the  activity  on  page  45 : 
once  set  in  forward  motion  on  the 
skate,  the  doll  continues  to  move 
forward  until  stopped  by  some 
other  force.  The  doll,  as  well  as 
the  skate,  obeys  this  law.  Even 
though  the  skate  is  stopped,  the 
doll  moves  forward. 

Have  the  children  read  page  45. 

What  started  the  skate  moving? 
(A  push.) 

Does  the  string  pull  on  the  skate 
at  first?  (Not  while  the  string  is 
slack;  only  when  it  is  tightly 
drawn,  or  taut.) 

In  what  direction  is  the  string 
pulling?  (Draw  an  arrow  to  show 
the  direction  of  the  force  and  an 
arrow  to  show  the  direction  of 
the  push  on  the  skate;  the  arrows 
should  show  opposing  forces.) 
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What  happens  when  these  two 
forces  are  from  opposite  direc- 
tions? (The  skate  stops.) 

But  is  the  string's  force  on  the 
skate  or  the  doll?  (The  skate.) 

What  happens  to  the  doll?  (It 
continues  in  a forward  direction 
until  stopped  by  the  floor.) 

Do  the  activity  and  then  have  the 
pupils  use  the  skate  strap  as  a 
safety  belt  to  prevent  the  doll 
from  moving  forward.  The  force 
exerted  by  the  belt  will  oppose 
the  forward  motion. 

Here  application  is  made  of  the 
principle  of  inertia  introduced  on 
page  45.  There  are  two  parts  to 
the  principle:  Once  set  in  forward 
motion,  an  object  continues  in 
motion  until  stopped  by  another 
force;  an  object  at  rest  remains  at 
rest  until  enough  force  is  used  to 
move  it.  The  difficulty  is  that 
pupils  cannot  separate  the  motion 
of  the  boy  from  the  motion  of  the 
bus.  A useful  device  is  to  use  an 
artificial  observer,  as  R.  Karplus,  a 
University  of  California  physicist, 
has  done. 

Suppose  there  were  a Mr.  O on 
the  sidewalk  watching  the  bus 
go  by.  Suppose  Ted  were  stand- 
ing up  on  the  bus.  Would  Mr.  O 
see  Ted  moving?  (Yes;  Ted  is 
moving  about  30  miles  an  hour, 
with  the  bus.) 


stands  the  reasons  behind  safety  rules  as  a result  of  experimentation  is  more  likely  to 
observe  them  than  one  who  has  been  taught  only  by  precept. 

Starting  Suddenly 

Ted  is  in  a bus. 

He  is  standing  up. 


What  will  happen  if 
the  bus  suddenly  starts 
to  move? 


What  will  happen  if  the  bus  stops  suddenly? 
Why  is  it  safer  not  to  stand  up  in  a bus? 


Here  and  on  page  47  are  additional  ap- 
plications of  Newton's  First  Law  of 
Motion.  Note  the  great  number  of  situa- 
tions that  this  concept  explains. 
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fact  of  which  some  parents  are  not  aware. 

Stopping  Suddenly 

Linda  and  Peggy  are  riding  in  a car.  Peggy 
did  not  put  on  her  seat  belt. 

Suppose  the  car  stops  suddenly.  What 
will  happen? 

How  can  seat  belts  help? 


Suppose  Mr.  O were  on  the  bus 
watching  Ted.  Would  he  see 
Ted  moving ? (No,  Ted  is  stand- 
ing still.) 

To  find  out  what  happens  to  Ted, 
we  have  to  pretend  we're  on  the 
sidewalk. 

Have  the  children  read  page  46. 
When  the  bus  starts,  Ted  will  fall 
backward.  The  tendency  is  for 
him  to  maintain  a stationary  posi- 
tion; if  the  bus  moves  away  from 
him,  he  will  fall  back.  When  it 
stops,  he  will  fall  forward.  In  other 
words,  he  will  continue  to  move 
in  the  direction  in  which  he  was 
moving. 

Does  this  happen  when  you  sit 
down  on  the  bus?"  (Yes.) 

Then  why  is  it  more  dangerous 
to  stand  up?  (Do  the  following 
activity  to  find  out.) 

Stand  some  books  upright  in  a 
wagon  and  then  pull  suddenly  on 
the  wagon  to  start  it.  Lay  the 
books  on  their  sides  and  repeat. 

What  have  you  learned  from  this 
activity? 

Safety  engineers  use  a seat  belt  on 
a dummy  and  then  set  the  car  in 
motion  so  that  it  will  hit  another 
object.  With  a seat  belt,  the 
dummy  is  more  likely  to  stay  in 
the  car. 
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TEACHING  SUGGESTIONS 
(pp.  48-51) 

o lesson:  What  things  are  used  to 
aid  motion? 

Learnings  to  Be  Developed: 

Wheels  make  it  easier  to  move 
things. 

We  can  use  a pulley  to  change  the 
direction  of  a force.  A downward 
force  can  be  used  to  make  some- 
thing go  up  when  a pulley  is  used. 

It  is  less  work  to  lift  a heavy  object 
when  a pulley  is  used. 

Developing  the  Lesson:  Have  the  chil- 
dren discuss  their  experiences  us- 
ing wheeled  toys— bikes,  scooters, 
doll  carriages,  and  wagons. 

Why  are  more  accidents  likely  to 
happen  with  wheeled  toys?  (They 
are  harder  to  stop.) 

But  wheels  make  it  easier  to 
move  things.  Have  pupils  list 
ways  in  which  wheels  are  used 
around  the  house  to  move  heavy 
loads  — on  wheelbarrows,  on 
heavy  pieces  of  furniture  such  as 
pianos,  etc. 

Man  uses  mechanical  devices  to 
make  it  easier  to  move  things. 
Basic  to  all  described  here  is  the 
wheel.  Have  the  children  read  the 
top  of  page  49,  and  see  if  the  chil- 
dren can  figure  out  why  it  is  easier 


Using  Wheels 


She  must  learn  how  to 
ride  straight. 

She  must  learn  how  to 
turn. 

She  must  learn  how  to 
keep  from  hitting  things. 


Susan  has  a new  bicyle.  She 
is  learning  how  to  ride  it. 

She  must  learn  how  to  start. 
She  must  learn  how  to  stop. 


How  does  finding  out  about  moving  things 
help  Susan  learn  how  to  ride  a bicycle? 
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Wheels  Help  Things  Move 


The  wheels  on  Susan’s  bicycle  help  her 
to  ride.  Wheels  can  help  us  do  other  things 
too. 

It  is  hard  to  move  heavy  things.  It  is  hard 
to  lift  things  up  high.  Wheels  can  help.  There 
are  different  kinds  of  wheels. 


Which  box  is  easier  to  move? 


How  many  wheels 
does  the  bicycle  have? 


to  pull  the  oranges  in  the  wagon 
than  on  the  sled  on  the  bare 
ground.  (A  wheel  is  round.  A 
round  object  rolls  or  turns  when  a 
force  is  applied.  There  is  less  work 
to  do  in  overcoming  friction.) 

Have  a child  bring  a bike  to  the 
classroom.  Turn  the  bike  upside 
down  for  demonstration.  In  addi- 
tion to  the  two  large  rubber-tired 
wheels,  a bike  has  two  additional 
wheels  with  projections  on  the 
rims.  These  tooth-like  projections 
are  sprockets.  The  two  sprocket 
wheels  are  joined  by  a chain.  Have 
someone  turn  the  pedals  slowly. 
The  large  sprocket  wheel  turns  the 
smaller  sprocket  wheel,  which 
moves  the  back  wheel. 

c Which  sprocket  wheel  makes  a 
complete  turn  in  less  time?  (The 
small  one). 

The  flag  illustrated  on  page  49  is 
raised  and  lowered  with  the  help 
of  the  single  pulley  wheel  at  the 
top  of  the  pole.  Write  "pulley"  on 
the  chalkboard.  Have  a pulley  on 
hand  for  the  children  to  examine. 

Have  the  children  read  the  top  of 
page  50  and  answer  the  questions. 

In  each  case,  the  direction  of  the 
pull  is  down.  This  gives  a mechan- 
ical advantage;  it  is  easier  to  pull 
down  than  to  pull  up.  Have  the 
children  act  out  pulls  in  both 
directions  to  demonstrate  this. 


Where  is  the  wheel? 


It  is  possible  to  arrange  a group 
of  pulleys  in  such  a way  that  a very 
large  weight  can  be  lifted  by  the 
application  of  a considerably 
smaller  force,  but  the  single  pulley 
system  illustrated  here  is  usually 
used  simply  to  change  the  direc- 
tion of  application  of  force.  The 
farmer  here  would  have  to  apply 
the  same  force  on  the  rope  as  he 
would  apply  by  pulling  the  hay 
into  the  loft  from  up  in  the  loft, 
but  it  is  much  more  convenient 
to  pull  downward  from  on  the 
ground.  Thus  the  farmer  does  not 
gain  by  decreasing  the  magnitude 
of  the  force  that  must  be  applied, 
but  simply  by  changing  its  direc- 
tion. 

Next  have  the  pupils  read  the  bot- 
tom half  of  page  50.  As  Mr.  Jack- 
son  pulls  in  on  the  rope,  the  flag 
goes  out 

It  is  essential  to  have  a pulley 
available  for  experimentation 
here,  so  pupils  can  follow  the 
movement  of  the  rope.  Hang  the 
pulley  high  on  the  bulletin  board, 
and  center  an  awning  cord,  about 
8 feet  long,  over  the  wheel.  Tie 
the  two  ends  together  with  the 
smallest  possible  knot,  and  slip 
them  over  a nail  at  the  bottom  of 
the  bulletin  board  so  that  there  is 
tension  in  the  cord.  Attach  a piece 
of  cloth  on  one  side  of  the  cord, 
near  the  bottom.  Now  have  a 


downward  on  the  rope  causes  the  hay  to  go  upward. 


Pulley  Wheels 

A wheel  like  this  is  called  a pulley. 


Mr.  Brown  wants  to 
raise  the  hay  up  high.  A 
pulley  helps  him. 

In  which  direction 
does  Mr.  Brown  pull?  In 
which  direction  does  the 
hay  go? 

What  does  the  pulley 
do? 


Mr.  Jackson  wants  to 
raise  the  flag  to  the  top  of 
the  pole.  A pulley  helps 
him. 

In  which  direction 
does  Mr.  Jackson  pull? 
In  which  direction  does 
the  flag  go? 

How  does  the  pulley 
help  to  raise  the  flag? 
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How  Pulleys  Work 

The  game  of  Airports  will  help  you  learn 
how  pulleys  work. 

Set  up  airports  in  different  places  in  the 
room.  Put  up  some  lines  that  go  on  pulley 
wheels.  You  can  send  toy  airplanes  from  one 
airport  to  the  other  on  the  lines. 


child  pull  down  on  the  other  side. 
Have  him  pull  slowly  while  you 
use  a pointer  to  trace  the  motion 
of  the  cord  up  and  over  the  wheel 
and  down  on  the  other  side  until 
the  “flag"  is  up. 

Obtain  two  single-wheeled  pul- 
leys and  two  pieces  of  awning 
cord.  One  piece  should  be  long 
enough  to  reach  across  the  room; 
the  other  should  be  about  8 feet 
long. 

Tie  the  two  pulleys  together  as 
shown  on  page  51.  The  top  wheel 
moves  the  whole  unit,  while  the 
bottom  pulley  is  used  to  make  the 
plane  go  up  and  down.  When  a 
pupil  pulls  down  on  the  short 
cord,  the  direction  of  the  force  on 
the  plane  is  changed. 
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TEACHING  SUGGESTIONS 
(pp.  52-56) 

® lesson:  How  are  gears  used  in 
moving  things? 

Learnings  to  Be  Developed: 

Wheels  called  gears  can  be  used 
to  turn  other  wheels. 

Gear  wheels  that  work  together 
move  in  different  directions. 

Gears  and  belts  make  one  wheel 
turn  another  wheel. 

Developing  the  Lesson:  Wheels  with 
teeth  or  cogs  are  called  gears. 
When  one  gear  is  turned,  it  can 
turn  another  gear  placed  next  to 
it.  The  second  gear  turns  in  the 
opposite  direction  from  the  first 
gear.  In  this  way,  the  direction  of 
the  force  is  changed. 

But  gears  do  more  than  change 
the  direction  of  a force.  By  using 
gears  of  different  sizes,  a small 
force  can  be  changed  to  a big  one, 
or  a big  force  to  a small  one. 

Have  the  children  read  page  52. 

How  is  the  gear  like  the  sprocket 
wheel  on  the  bike?  (Both  trans- 
mit, or  pass  on,  motion  to  an- 
other wheel.) 

How  are  they  different?  (A  gear 
passes  on  motion  directly  to  an- 
other wheel,  while  the  sprocket 
wheel  passes  on  motion  by 
means  of  a chain.) 


Turning  One  Wheel  to  Move  Another 


A wheel  that  looks  like 
this  is  called  a gear. 

Gear  wheels  can  be 
used  to  turn  other  wheels. 


Look  at  this. 

How  many  gears  are 
there? 

Which  gear  do  you 
turn? 

How  do  you  turn  it? 

What  happens  when 
you  turn  it? 
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compensate  for  lack  of  opportunity  to  explore  gears,  even  on  such  a common  house- 
hold tool  as  the  eggbeater. 

Look  at  a windup  toy  car.  Take  it  apart, 
so  you  can  see  the  inside  of  it.  Gears  help 
make  the  little  car  move. 


First  you  wind  a spring.  As  the  spring 
unwinds,  the  gears  turn.  Which  gear  moves 
first?  How  do  the  gears  make  the  car  move? 


Gears  are  used  in  many  ways.  Gears  are 
used  in  real  cars.  They  are  used  in  clocks  too. 
Try  to  get  an  old  clock  and  look  inside  it. 

Gears  are  used  to  make  one  turning  wheel 
turn  another. 


Have  the  children  locate  the  three 
gears  in  the  eggbeater  and,  while 
turning  the  large  gear  very  slowly, 
note  how  the  teeth  of  one  gear 
engage  the  teeth  of  another,  pass- 
ing on  the  motion. 

Do  the  little  gears  move  faster 
or  slower  than  the  big  gears ? 
(Faster.) 

Does  each  gear  move  in  the 
same  direction?  (Each  goes  in  a 
different  direction.) 

Disassemble  an  alarm  clock 
enough  to  expose  the  gears.  Let 
the  children  examine  the  mecha- 
nism and  watch  the  gears  operate. 

Do  the  big  gears  move  as  fast  as 
the  little  gears?  (No.) 

When  one  gear  moves  toward 
the  left,  in  what  direction  does 
the  gear  next  to  it  move?  (To- 
ward the  right.) 

Pick  out  a gear.  See  what  other 
gear  it  moves.  Can  you  find  a 
gear  that  the  second  gear  moves? 
Try  to  trace  a whole  string  of 
gears  that  are  lined  up  this  way. 

Have  the  children  trace  the  action 
of  gear  wheels  in  a windup  toy. 

Warn  children  not  to  try  to  remove 
a coil  spring  that  is  not  completely 
run  down.  The  energy  in  the 
spring  can  cause  the  spring  to  lash 
out  very  fast  when  it  is  not  under 
control. 


Wheels  and  a moving  belt  can  be  combined  to  regulate  the  direction  of  the  force. 


Have  the  children  study  the  parts 
in  toys,  clocks,  or  other  mechani- 
cal devices  to  find  out  how  they 
work.  When  one  gear  is  turned, 
it  turns  the  next  gear  in  the  oppo- 
site direction.  By  using  gqars  of 
different  sizes,  a small  force  can 
be  changed  to  a big  one,  or  a big 
force  to  a small  one. 

See  if  the  children  can  find  ex- 
amples of  gears  of  different  sizes 
that  change  a small  force  to  a big 
one. 

Do  gears  all  move  in  the  same 
direction?  (No.) 

Are  some  gears  smaller  than 
others?  (Yes.) 

Which  gears  move  faster? 
(Smaller  ones.) 

Why  is  the  gear  on  the  axle  of  a 
toy  car  a small  one?  (Small  gears 
move  faster,  so  the  car  moves 
faster.) 

This  activity  is  a good  example  of 
how  to  build  into  the  sensorimotor 
system  the  concept  of  how  wheels 
and  a moving  belt  can  combine 
to  regulate  the  direction  of  a force. 
Children  should  have  the  actual 
experience  of  setting  up  the  activ- 
ity, playing  with  it,  and  observing 
the  results.  In  later  years,  concepts 
of  motion  will  not  be  difficult  for 
the  high  school  student  who  has 
had  this  kind  of  sensorimotor 
readiness. 


You  can  find  out  about  another  way  to 
make  turning  wheels  turn  other  wheels. 

Make  this. 


Turn  one  wheel.  What  does  the  cord  do? 
In  which  direction  does  the  other  wheel  turn? 

Change  the  cord  like  this.  Turn  one  wheel. 
In  which  direction  does  the  other  wheel  turn? 
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Wheels  of  different  sizes  can  be  combined  with  a moving  belt  to  regulate  speed. 


Now  use  one  big  wheel  and  one  little  wheel. 
Turn  the  little  wheel.  Watch  the  big  wheel. 
Does  it  go  as  fast  as  the  little  wheel? 


Turn  the  big  wheel.  Watch  the  little  wheel. 
Does  it  go  faster  than  the  big  wheel? 


Set  up  the  pulleys  as  pictured  on 
page  54.  Have  the  pupils  trace 
with  their  fingers  the  direction  in 
which  each  wheel  moves  in  the 
picture  at  the  top  of  page  54  (both 
in  same  direction).  Then  have  the 
children  follow  the  cord  in  the 
bottom  picture.  Note  that  by  twist- 
ing the  cord  into  a figure  8,  the 
wheels  can  be  made  to  move  in 
opposite  directions.  A moving  belt 
rigged  in  this  fashion  can  carry 
energy  over  a long  distance.  Often 
such  a belt  is  attached  to  a trac- 
tor to  make  work  possible  in  a 
machine  some  distance  away. 

Have  the  children  observe  that 
more  than  one  turn  of  the  little 
wheel  is  necessary  to  make  the 
big  one  go  around  once,  so  the 
big  one  moves  more  slowly  than 
the  little  one.  When  the  big  wheel 
is  turned,  the  little  wheel  goes 
faster. 

Following  a discussion  of  page  55, 
review  the  concepts  covered  in 
the  lesson. 

Explain  to  the  children  that  what- 
ever is  used  to  help  push  or  pull 
is  called  a machine.  The  children 
may  think  of  machines  as  some- 
thing like  the  power  mower  that  is 
run  with  gas.  But  there  are  simple 
machines,  too.  The  wheel  is  a 
simple  machine.  And  things  like 
the  wheel— pulleys  and  gears— are 
machines  also. 
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Pupils  can  make  a model  of  an 
endless  belt.  On  a board  about 
4"  X 10",  the  children  can  nail 
two  empty  spools  about  8"  apart. 
Be  sure  the  spools  revolve  freely 
on  the  nails.  Use  a heavy  rubber 
band  as  a belt.  For  a handle,  put 
a small  nail  into  the  top  of  one 
spool.  Have  the  children  move 
one  spool. 

What  did  you  find  out  when  you 
moved  one  wheel ? (The  first 
wheel  moved  the  belt;  the  belt 
moved  the  second  wheel.) 

When  the  belt  was  twisted  into 
a figure  8,  how  did  the  wheels 
move ? (In  opposite  directions.) 

When  the  belt  was  not  twisted, 
how  did  the  wheels  move?  (In 
the  same  direction.) 

Do  you  think  the  belt  and  the 
second  wheel  are  like  the  rope 
and  the  pulley  you  learned  about 
before?  (Help  the  children  to  see 
that  the  belt  and  pulley  are  al- 
most exactly  the  same.) 

How  is  the  belt  on  the  model 
different  from  the  rope  on  the 
flagpole?  (The  rope  was  pulled 
by  a person's  hands;  the  belt  was 
pulled  by  the  first  wheel.) 

If  the  spools  are  of  different  diam- 
eters, have  the  children  note  the 
number  of  turns  one  spool  makes 
in  relation  to  the  number  of  turns 
the  other  spool  makes. 


A New  Way  of  Finding  Out 

How  did  you  find  out  about  moving  things? 
You  found  out  some  things  by  seeing. 

You  found  out  some  things  by  asking  your 
teacher. 

You  found  out  some  things  by  reading. 
You  used  a new  way  of  finding  out,  too. 
You  tried  out  things  to  see  what  would  happen. 
You  tried  out  things  with  wheels  and  pulleys. 


Scientists  try  out  things  and  watch  what 
happens.  They  call  this  doing  experiments. 
An  experiment  is  a special  way  of  finding  out 
about  things. 


Tell  the  Word 


Is  this  the  same  thing  you  saw 
happening  with  the  gear  wheels ? 
(Yes.) 

As  the  children  read  each  line, 
have  them  give  examples  of  things 
they  found  out  by  each  method. 

Write  the  word  "experiment"  on 
the  chalkboard.  Ask  the  children 
what  they  think  the  word  means, 
and  if  they  can  give  an  example 
of  an  experiment.  Some  children 
may  tell  of  the  TV  commercial  de- 
scribing a toothpaste  test.  The 
word  "experiment"  is  often  used 
rather  loosely  in  teaching  science 
to  elementary  school  children. 
The  scientist,  of  course,  uses  the 
word  as  meaning  a controlled  ex- 
periment, in  which  he  exercises 
tight  control  over  all  factors  that 
might  make  a difference  to  the 
outcome,  manipulating  one  factor 
at  a time  for  testing.  This  is  the 
first  exposure  to  the  word  in  this 
series;  little  by  little  its  meaning 
in  the  world  of  science  will  be 
developed. 


(pp.  57-59) 

Background:  For  this  page,  be  sure 
to  have  the  children  write  the  an- 
swers in  their  notebooks. 

Experiment 

Force 

Gear 

Pulley 

Spring 


What  Do  You  Know? 


Use  pages  58  and  59  for  review 
The  answers  to  the  questions  are 
as  follows: 

A force  is  needed  to  start  things 
moving.  (But  remind  children  the 
applied  force  must  be  big  enough 
to  overcome  the  balance  of  forces 
already  operating.  In  the  tug-of- 
war  game,  it  was  not  just  a force 
that  was  needed  to  move  the  rope, 
but  a large  enough  force  in  one 
direction  to  upset  the  balance.) 

Things  will  move  in  the  direction 
of  the  applied  force. 

The  boy  can  make  the  wagon  go 
faster  and  faster  by  continuing  to 
push  with  the  same  force,  by 
pushing  harder  (increasing  the 
size  of  the  force),  or  by  going 
down  a hill  (the  force  of  gravity 
will  be  added  to  the  force  of  the 
boy  pushing). 

The  larger  the  weight,  the  bigger 
the  size  of  the  force  that  is  needed 
to  start  something  moving. 
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How  can  the  boy  make  the 
wagon  go  faster  and  faster? 


Which  rock  is  harder  to 
move? 

Why? 


Both  boys  are  pushing  with 
the  same  force.  Which  swing 
will  move  faster? 


What  will  happen  to  this 
desk? 

Why? 


How  can  you  make  a thing 
stop  moving? 


What  helps  the  man  raise 
the  flag? 


Which  will  make  you 
work  harder?  Why? 
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The  desk  will  move  in  the  direc- 
tion of  the  greater  force,  because 
the  forces  are  unbalanced. 

By  applying  a big  enough  force  in 
the  opposite  direction. 

A pulley.  The  pulley  here  changes 
the  direction  of  the  force.  The 
man  pulls  toward  him  and  the 
flag  goes  out. 

The  crate  of  oranges  that  has  no 
wagon  under  it. 

Wheels  make  it  easier  to  move 
things. 


Key  Concept  i.  Events  in  the  nat- 
ural environment  happen  in  an 
orderly  rather  than  a haphazard 
way;  man  searches  for  laws  to 
explain  this  order  by  observing, 
hypothesizing,  checking  his  ideas, 
and  rejecting  those  which  do  not 
square  with  reality. 

Key  Concept  2.  Lawful  change  is 
characteristic  of  events  in  the  nat- 
ural environment;  although  living 
things  tend  to  produce  living 
things  like  themselves,  over  mil- 
lions of  years  the  earth  and  living 
things  on  the  earth  have  changed, 
and  diversified  forms  of  life  have 
evolved. 

Key  Concept  4.  All  objects  in  the 
universe  and  all  particles  of  mat- 
ter are  constantly  in  motion;  man 
has  discovered  and  stated  the  laws 
governing  their  motion. 

Key  Concept  6.  There  is  a basic 
tendency  toward  stability  or  equi- 
librium in  the  universe;  thus, 
energy  and  matter  may  be  trans- 
formed, but  the  sum  total  of  mat- 
ter and  energy  is  conserved. 

Key  Concept  8.  There  is  a relation- 
ship between  structure  and  func- 
tion; the  structure  of  parts  of  liv- 
ing organisms  determines  the 
function  of  those  parts. 


CONCEPTS: 


3 
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FINDING  OUT 

Ho  w Your 
Body  Moves 


You  have  found  out  what 
happens  when  things  move.  You 
have  found  out  how  wheels  and 
pulleys  are  used  to  make  things 
move.  You  can  move  without 
wheels  and  pulleys.  You  can  run 
and  jump.  You  will  find  out  how . 
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1.  The  skeleton  of  the  body  is 
made  up  of  many  different  kinds 
of  bones;  each  kind  has  a special 
function. 

2.  Arm  and  leg  bones  are  used 
in  large  body  movements  such  as 
running  and  throwing. 

3.  Wrist  and  finger  bones  are 
used  in  finer  body  movements 
such  as  playing  the  piano  and 
writing. 

4.  The  bones  making  up  the 
backbone  make  it  possible  to 
move  the  trunk  of  the  body  into 
many  different  positions. 

5.  Various  types  of  joints  be- 
tween bones  make  it  possible  to 
move  the  body  in  a number  of 
ways. 

6.  Muscles  attached  to  bones  sup- 
ply the  force  to  move  the  body. 

7.  Muscles  work  in  pairs  to  pro- 
duce different  body  movements. 

PROCESSES: 

Observing — Pages  62,  64,  65, 
66,  67,  68,  69,  70,  71,  72,  73, 
74,  75,  76,  77,  78,  79,  80,  81. 

Comparing — 62,  64,  65,  66,  67, 
68,  69,  70,  71,  72,  74,  75,  76,  77, 
78,  79,  80,  81. 

Inferring — 66,  69,  74. 

Selecting— 62,  65,  66,  67,  68, 
71,  72,  74,  79,  80,  81. 

Demonstrating — 66,  73,  74,  75, 
76,  77. 

Explaining — 64,  80. 
Hypothesizing — 66. 


Bones 


TEACHING  SUGGESTIONS 
(pp.  62-67) 

® lesson:  What  are  the  different 
types  of  bones? 

Learnings  to  Be  Developed: 

The  bony  structure  of  the  body  is 
called  the  skeleton. 

The  skeleton  gives  shape  to  the 
body,  supports  it,  and  helps  it  to 
move. 

Bones  vary  in  size  and  strength, 
according  to  the  work  each  must 
do;  structure  is  related  to  func- 
tion. 

Long,  strong  bones  in  legs  provide 
support  for  the  body. 

Small  bones  in  fingers  make  fine 
work  possible. 

The  many  small  bones  in  the  back- 
bone are  put  together  to  make 
many  movements  possible. 

Developing  the  Lesson:  To  introduce 
the  unit,  remind  children  that  they 
have  been  studying  about  how 
things  move,  and  that  now  they 
will  find  out  how  their  own  bodies 
move.  Put  the  word  "skeleton" 
on  the  chalkboard  and  ask  what  it 
means  (the  skeleton  is  the  bony 
framework  of  the  body). 

Are  all  bones  the  same? 

Have  the  children  name  and  locate 
the  bones  that  they  know  (leg 
bones,  hand  bones,  ribs,  etc.). 


Look  at  the  picture  on  the  next  page. 
Do  you  know  what  it  is?  It  is  a skeleton.  A 
skeleton  is  made  of  bones.  You  have  a 
skeleton  inside  your  body.  You  have  many 
bones  in  your  skeleton. 

Some  of  your  bones  are  small.  Feel  the 
bones  in  your  hands.  Look  at  the  hands  in  the 
picture.  The  bones  in  your  hands  are  small. 

Some  of  your  bones  are  big  and  long.  Feel 
the  bones  in  your  legs.  Look  at  the  legs  in  the 
picture.  The  bones  in  your  legs  are  big  and 
long. 

Your  bones  help  give  shape  to  your  body. 

Your  bones  help  to  hold  your  body  up. 

Your  bones  help  your  body  to  move. 

Some  bones  cover  the  soft  parts  of  your 
body.  Can  you  tell  where?  These  bones  keep 
the  soft  parts  from  getting  hurt. 


An  additional  function  of  the  bony  skeleton  is  that  bones  contain  a soft  material  called 
marrow,  in  which  blood  cells  are  made.  Ask  a butcher  for  marrow  bones  for  children 
to  examine. 
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Additional  bones  the  teacher  may  want  to  identify  are  the  pelvic  girdle  and  the 


! After  page  62  has  been  read,  use 
the  discovery  approach  to  begin 
[ to  develop  the  relationship  be- 
tween the  structure  of  the  skele- 
ton and  function.  Have  the  pupils 
feel  the  bones  in  their  own  hands 
and  legs  to  appreciate  how  these 
bones  differ  in  size.  (Note  that  the 
wrist  bone  and  ankle  bone  are 
each  really  several  bones  rather 
Ij  than  one.) 

Have  the  children  locate  some 
part  of  the  skeleton  that  gives 
shape  to  the  body:  bony  structure 
around  the  eyes,  ears,  and  nose, 
the  rib  cage,  and  the  pelvic  girdle 
at  the  hips  are  some  examples. 

Have  the  children  feel  the  back- 
bone and  the  leg  bones  as  exam- 
ples of  bones  helping  to  hold  the 
body  up.  Have  them  pretend  to 
throw  a ball  with  one  hand  while 
feeling  their  shoulder  bones  with 
the  other,  to  see  how  the  bones 
help  movement. 

The  skull  protects  soft  parts  of  the 
head.  The  sternum  and  ribs  pro- 
tect the  lungs  and  heart. 

Using  the  illustration  on  page  63, 
the  children  can  locate  the  various 
parts  of  the  skeleton. 

* What  parts  of  the  skeleton  are 
especially  useful  for  protection? 

The  pupils  can  find  the  parts  of 
the  skeleton  that  serve  the  func- 
tion of  protection:  the  heavy  cra- 
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nium  at  the  top  of  the  skull;  the 
bones  around  the  ears,  eyes,  and 
nose,  which  serve  to  support  as 
well  as  to  protect;  the  sternum,  or 
flat  bone,  in  the  chest,  which  to- 
gether with  the  ribs  and  shoulder 
bones  protects  the  heart  and 
lungs.  Some  bones  in  the  body 
serve  mainly  for  support:  the 
backbone  and  leg  bones,  and 
parts  of  the  skull.  Still  another 
function  of  some  parts  of  the 
skeleton  is  to  attach  bones  and 
make  possible  their  movement. 
The  skull,  for  example,  provides 
attachment  for  the  powerful  jaw 
bone,  while  the  pelvic  girdle  pro- 
vides for  attachment  of  the  legs. 

After  page  64  has  been  read,  have 
one  pupil  demonstrate  different 
kinds  of  movement  that  are  made 
possible  by  the  arm  bones;  by  the 
leg  bones;  by  the  shoulder  bones; 
by  the  hip  bones.  Continue  to  de- 
velop the  relationship  between 
structure  and  function.  Arms  and 
legs  can  do  heavy  work;  the  bones 
there  must  be  strong  and  thick. 
The  length  of  the  bone  is  also  a 
factor  in  doing  heavy  work. 

Could  a short-legged  or  a long- 
legged  runner  cover  ground 
more  quickly ? 

Which  bones  in  your  body  do 
you  think  are  the  strongest ? (The 
pelvic  or  hip  bone  and  the  jaw 
bones  are  two  of  the  strongest.) 


Arm  and  Leg  Bones 

Your  bones  help  you  move  in  different  ways. 
The  long  bones  in  your  legs  help  to  hold  your 
body  up.  These  bones  are  big  and  strong. 


How  do  your  arm  and  leg 
bones  help  you  move? 

How  do  your  shoulder  and 
hip  bones  help  you  move? 


Call  attention  to  the  fact  that  the  three  bones  in  each  finger  allow  considerable  dexterity. 


Hand  Bones 

The  small  bones  in  your  hands  help  you 
do  many  things.  Tell  about  the  kinds  of  work 
the  small  bones  in  your  fingers  help  you  do. 


Discuss  the  enormous  amount  of 
work  the  pelvic  bone  must  do  in 
j all  movements  involving  the  legs, 
j The  jaw  bone  is  also  capable  of  a 
ji  great  amount  of  work  in  chewing 
1 food  and  in  talking. 

Note  that  the  smaller  bones  pro- 
fj  vide  great  dexterity  and  make  pos- 
sible small,  fine  work.  Ask  for 
examples  of  animals  whose  small 
bones  make  fine  movements  pos- 
sible. Have  the  children  describe 
the  movements  of  a cat's  tail, 
made  possible  by  the  many  small 
bones  the  children  can  feel.  To 
further  clarify  the  relationship  be- 
tween how  the  skeleton  is  struc- 
tured and  how  it  can  function, 
focus  the  discussion  on  large, 
powerful  bones  and  the  move- 
ments they  make  possible. 

F • Which  animals  have  large , pow- 
erful hind  legs ? 

° What  do  the  bones  in  these  legs 
enable  the  animal  to  do?  (Ani- 
p mals  like  the  kangaroo,  rabbit, 

and  frog  have  large,  strong  bones 
in  their  hind  legs  that  enable  the 
animals  to  thrust  themselves  off 
the  ground  by  pushing  back  with 
a powerful  force  against  the 
I ground.) 

§ Call  the  children's  attention  to  the 
l<  "spaces"  between  the  bones  of 
the  fingers.  (The  spaces  originally 
contained  cartilage,  which  disinte- 
grated as  the  bones  dried  out.)  In 


long  bones  like  those  in  the  fin- 
gers there  are  centers  of  ossifica- 
tion called  epiphyses  at  the  ends. 
These  centers  enlarge  and  gradu- 
ally fuse  with  the  long  shafts  of 
the  bones.  Specialists  can  predict 
the  adult  height  of  young  children 
by  assessing  the  amount  of  fusion 
still  to  take  place.  When  the  bones 
fuse,  growth  is  complete.  This 
typically  happens  during  adoles- 
cence. 

Have  the  cardboard-carton  back- 
bone (p.  66)  made  ahead  of  time 
so  that  it  can  be  used  for  demon- 
stration. 

• Let's  pretend  the  stick  and  the 
cartons  are  backbones  in  two 
live  people.  Let's  have  two 
people  hold  them  and  have 
them  do  what  we  say. 

After  choosing  two  pupils  to  come 
to  the  front  of  the  room,  drop  a 
pencil  on  the  floor  and  ask  each 
pupil  to  show  how  his  model 
would  try  to  pick  it  up. 

• Why  is  a backbone  that  is  made 
of  small  bones  better  for  moving 
about  than  a long,  single  bone? 
(The  single  bone  is  stiff  and 
rigid;  the  small  bones  make  flex- 
ibility possible.) 

Have  the  children  bend  forward 
and  twist  around  to  feel  the  small 
bones  in  their  own  backbones 
more  easily. 


different  functions:  the  thick  part  of  each  vertebra  supports  the  weight,  the  curving 
arch  protects  the  spinal  cord,  and  the  projections  serve  as  sites  for  attachment  of 

muscles.  See  page  63. 

The  Backbone 

Feel  your  backbone.  Look  at  the  backbone 
in  the  picture  on  page  63.  It  is  made  of  many 
small  bones.  It  is  not  one  long  bone. 

Which  would  help  you  move  more  easily, 
many  small  bones  or  one  long  bone?  You  can 
find  out. 

Get  some  wire,  some  small  milk  cartons, 
and  a stick.  Put  the  cartons  on  the  wire  like 
this. 

See  how  many  ways  you  can  move  the  stick. 


Now 

can  move  the  milk 
cartons  on  the  wire. 
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How  can  you  move 
your  backbone? 

Here  are  some  ways. 
Can  you  think  of  some 
other  ways? 
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Turn  back  to  the  picture  of  the 
skeleton  on  page  63.  Have  the 
children  note  how  the  bony  spinal 
column  really  provides  the  main 
support  of  the  body,  with  the 
shoulder  and  hip  girdles  built 
around  it  and  the  skull  resting  on 
top  of  it. 

Have  one  pupil  at  a time  demon- 
strate a movement  involving  the 
backbone,  while  the  other  chil- 
dren draw  a picture  of  how  the 
small  bones  will  look  during  that 
movement.  Ask  the  children  which 
movements  would  not  be  possible 
if  the  backbone  were  a single 
bone. 

There  is  an  additional  function 
served  by  the  backbone  that  can 
be  mentioned  here.  The  backbone 
is  made  up  of  separate  bones,  as 
has  been  demonstrated.  Each  of 
these  bones  (vertebrae)  contains 
a central  hole  through  which 
passes  the  spinal  cord,  made  up  of 
nerve  tissue.  The  nerve  tissues 
control  movement  in  the  body. 
Bones  do  not  move  by  them- 
selves; nerves  carry  messages  back 
and  forth  to  the  spinal  cord  and 
brain  before  any  muscles  and  at- 
tached bones  can  be  activated. 
Serious  injury  to  the  spinal  cord, 
through  sickness  (polio)  or  acci- 
dent, can  result  in  a crippling  con- 
dition. See  Science  forTomorrow's 
World , Book  5,  for  more  informa- 
tion on  the  nervous  system. 


lEAOUNiG  SUGGBUONS 
(pp.  68-69) 


LESSON:  What  are  animal  skele- 
tons like? 


Learnings  to  Be  Developed: 

Animals  can  be  divided  into  two 
large  groups:  animals  with  back- 
bones and  animals  without  back- 
bones. 

Some  animals  without  backbones 
have  a skeleton  that  is  outside  the 
body;  the  skeleton  is  made  of  a 
layer  of  hard  material. 

An  animal  with  an  internal  skele- 
ton can  move  more  efficiently 
than  one  with  an  external  skele- 
ton. 

The  human  skeleton  is  very  much 
like  the  skeletons  of  some  other 
animals. 

Developing  the  Lesson:  There  is  a 
good  opportunity  here  to  develop 
concepts  drawn  from  the  field  of 
comparative  physiology  as  chil- 
dren compare  the  development  of 
animals  having  internal  skeletons 
with  those  that  do  not  have  inter- 
nal skeletons.  Ask  the  children  to 
name  animals  that  have  bones. 
Explain  that  the  skeleton  is  cov- 
ered; it  is  inside  the  outer  cover- 
ing. 

Can  we  see  the  bones  of  a 
chicken  by  looking  at  the  chick- 
en? The  bones  of  a fish?  The 
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The  Bones  of  Animals 

Name  some  animals  that  have  bones. 
Name  some  animals  that  do  not  have  bones. 

The  pictures  on  this  page  and  on  the  next 
page  show  the  skeletons  of  some  animals.  Find 
the  backbone  in  each  skeleton. 
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Concepts  from  comparative  anatomy  can  be 
introduced  here.  See  teaching  suggestions. 
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Tell  how  the  skeleton  of  each  animal  is 
like  a person’s  skeleton.  Tell  how  it  is  different. 
Which  animal  do  you  think  has  a skeleton  that 
is  most  like  a person’s  skeleton? 


bones  of  a person?  (No,  the 
bones  are  covered  by  flesh, 
feathers,  scales,  etc.) 

Tell  the  children  that  there  is  an- 
other kind  of  skeleton  that  is  out- 
side the  bodies  of  some  animals. 
It  is  not  made  of  bone,  but  is  a 
hard  crust.  Have  children  name 
animals  with  outside  skeletons 
(insects,  crustaceans  such  as  the 
lobster  or  crab;  corals;  clams;  etc.) 
Ask  the  children  to  name  some 
animals  that  do  not  have  any  kind 
of  skeleton,  either  inside  or  out- 
side (worms). 

Suppose  we  had  a water  worm 
and  a small  fish  in  the  aquarium. 
Which  could  move  faster?  (Fish; 
it  has  strong  muscles  attached  to 
bones  and  so  can  move  faster.) 

If  there  is  an  aquarium  in  the  class- 
room, compare  the  movements  of 
the  fish  and  snail  with  those  of  any 
other  water  animals. 

Have  the  children  find  parts  of  the 
horse's  skeleton  that  are  compara- 
ble to  parts  of  the  human  skeleton 
(backbone,  skull,  ribs,  hip  girdle, 
neck  bones,  leg  bones). 

What  differences  are  there?  (Man 
has  an  upright  spine,  shorter 
neck,  smaller  rib  cage,  more 
room  in  top  of  skull  for  brains.) 

Make  the  same  kind  of  compari- 
son with  the  other  pictures  on 
pages  68  and  69. 
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Finish  the  lesson  with  observa- 
tions of  animals  with  and  without 
backbones.  Joint-legged  animals 
like  insects  will  probably  be  most 
familiar  to  the  children  as  exam- 
ples of  animals  with  a skeleton 
outside  the  body.  Have  the  chil- 
dren bring  in  specimens  such  as 
ladybugs  and  feel  the  hard  crusty 
exterior. 

• What  does  such  a covering  do 
for  the  ladybug?  (Protects  the 
soft  insides  and  gives  shape  to 
the  body.) 

• What  does  the  inside  skeleton  of 
the  fish  do?  (Gives  shape  to  the 
body,  protects  the  insides,  and 
allows  movement  of  the  parts 
supported.) 

TEACHING  SUGGESTIONS 
(pp.  70-74) 

• lesson:  How  do  bones  move? 
Learnings  to  Be  Developed: 

The  place  where  two  bones  meet 
is  called  a joint. 

Movable  joints  are  of  hinge,  pivot, 
or  ball-and-socket  construction. 

The  type  of  joint  determines  how 
the  bones  can  move;  the  ball-and- 
socket  type  allows  the  greatest 
flexibility. 


able  in  hardware  stores. 

How  Bones  Move 

The  place  where  the  end  of  one  bone  meets 
the  end  of  another  bone  is  called  a joint. 

You  can  move  the  parts  of  your  body 
because  your  skeleton  has  joints.  Not  all  of 
your  joints  are  the  same.  There  are  different 
kinds  of  joints.  Let  us  see  what  they  are. 


Bend  your  arm.  Your  elbow  has  a joint 
that  lets  bones  move  the  way  a door  moves. 
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Can  you  think  of  other  places  in  your 
body  that  have  the  same  kind  of  joint  your 
elbow  has? 


Would  you  be  able  to  move  as  you  do  if  all 
your  joints  were  like  the  one  in  your  elbow? 


Developing  the  Lesson:  The  theme  of 
structure  and  function  can  be  fur- 
ther developed  in  the  study  of 
joints.  Some  bones  in  the  body 
(as  in  the  skull)  are  joined  by 
immovable  joints;  others  move 
freely  (as  in  the  wrist  joint). 

Bone  does  not  move  against  bone; 
a jelly-like  substance  at  the  joints 
cuts  down  on  friction. 

Introduce  the  word  "joint"  before 
the  children  begin  reading  page 
70.  Write  it  on  the  board  and  ask 
for  the  meaning.  See  if  the  chil- 
dren can  find  the  smaller  word 
"join"  and  use  it  as  a clue  to  the 
word's  meaning  (the  place  in  the 
skeleton  where  two  bones  join). 

Have  the  children  bend  their  arms 
and  open  and  shut  a door,  noting 
the  similarity  in  the  movements, 
which  involve  hinge  joints. 

Write  the  word  "hinge"  on  the 
chalkboard  and  then  have  the 
children  read  page  72  and  answer 
the  questions. 

Have  the  children  locate  other 
hinge  joints  in  the  body  (knee, 
elbow,  finger,  toe)  and,  if  possible, 
joints  in  objects  in  the  classroom 
j as  well  (hinged  cupboards  or 
boxes). 
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Remind  the  children  that  bones 
move  in  different  ways.  The  way 
in  which  bone  meets  bone  makes 
the  difference. 


Draw  a circle  on  the  chalkboard 
with  a horizontal  diameter  to  rep- 
resent the  upper  arm  and  forearm 
in  an  outstretched  position.  Have 
a child  show  with  dotted  lines  the 
positions  the  forearm  can  assume 
—bent  at  45°,  at  a right  angle  to 
the  upper  arm,  and  with  the  hand 
resting  on  the  shoulder.  The  circle 
will  help  children  to  visualize 
which  positions  are  not  possible, 
since  dotted  lines  are  confined  to 
the  upper  half  of  the  circle. 


Have  several  hinge  joints  available 
and  let  children  join  two  pieces  of 
wood  with  the  joints  and  experi- 
ment with  opening  and  closing. 

Tell  the  children  that  not  all  joints 
are  the  same.  Different  kinds  of 
joints  let  us  move  in  different 
ways. 

Have  the  children  read  page  73 
and  let  the  children  stand  and 
locate  the  joints  in  their  bodies 
like  the  shoulder  joint  (ankle  and 
wrist  bones  and  the  joint  where 
the  leg  is  attached).  Here  we  have 
a joint  that  permits  a different 
movement  from  the  hinge  joint. 
This  joint  permits  a full-circle 
swing,  rather  than  a half-circle. 
Children  can  find  joints  like  the 
shoulder  joint  by  trying  out  body 


Note  that  man  pays  for  the  increased  mobility  of  shoulder  and  hip  joints;  dislocated 
hips  and  shoulders  are  more  common  than  ankle  dislocations. 

Swing  your  arm  in  a circle. 

The  joint  between  your  arm  and  your 
shoulder  lets  you  swing  your  arm  in  any 
direction.  The  joint  looks  like  the  picture  on 
the  right. 


Are  there  other  places  in  your  body  where 
you  have  joints  like  the  one  between  your  arm 
and  shoulder?  Look  again  at  the  picture  on 
page  63. 
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You  can  make  a joint  that  works  like  the 


joint  between  your  arm  and  your  shoulder. 
You  will  need  these  things. 


I £ 
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movements  to  find  joints  that  per- 
mit a complete  swing. 

The  joint  discussed  here  is  a ball- 
and-socket  type,  permitting  the 
greatest  degree  of  movement. 
Have  the  children  find  mechanical 
models  of  the  ball-and-socket 
joint  to  show  to  the  class,  or  you 
can  purchase  the  parts  from  a 
hardware  store.  Anything  that 
swivels  has  a ball-and-socket  joint. 
Swinging  doors  and  swivel  chairs 
are  constructed  with  ball-and- 
socket  joints. 

Tell  the  children  the  name  of  this 
joint  (ball-and-socket  joint)  and 
ask  why  the  name  is  appropriate. 
Call  attention  to  the  fact  that  in 
j the  joint  pictured  on  page  73,  a 
ball-shaped  knob  fits  into  a hollow 
socket  (the  children  may  know 
the  term  "socket”  from  "lamp 
socket"). 

Here  is  a third  type  of  joint  — a 
pivot  joint.  Write  the  word  pivot 
on  the  board  and  ask  the  children 
if  they  know  what  it  means.  To 
pivot  is  to  turn  on  something. 
Children  can  pivot  on  the  balls  of 
their  feet  to  understand  better 
what  the  word  means,  or  they  can 
use  the  milk-carton  model  shown 
on  page  74.  The  top  carton  of  the 
model  is  the  one  that  turns. 
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Have  the  children  experiment  to 
discover  the  various  ways  in  which 
they  can  move  the  lower  arm. 
Note  that  in  addition  to  the  move- 
ment permitted  by  the  hinge  joint, 
a rotating  movement,  like  the 
movement  of  a screwdriver,  is 
made  possible  by  a pivot  joint. 

Only  freely  moving  joints  are  dis^- 
cussed  in  this  section.  Some  joints, 
such  as  those  between  the  verte- 
brae, are  only  slightly  movable; 
others,  such  as  those  between  the 
skull  bones,  are  immovable. 


Turn  your  head.  Which  bones  move? 

Some  joints  let  bones  move  around  on  top 
of  each  other.  You  can  find  out  how  these  joints 
let  bones  move. 

Put  some  milk  cartons  on  a wire  again. 
Turn  the  top  carton  from  side  to  side.  This  is 
like  the  way  you  turn  your  head.  But  there  is 
a difference.  Can  you  turn  the  carton  all  the 
way  around?  Can  you  turn  your  head  all  the 
way  around? 
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Muscles 


The  type  of  muscle  discussed  here  is 
skeletal  muscle,  which  is  under  voluntary 
control. 


Peter  is  showing  how  strong  he  is.  He 
bends  his  arm  and  shows  a big  muscle. 


Note  the  “Teaching  Suggestions’’ 
here  for  helping  pupils  acquire 
the  logical  operations  essential 
to  understanding  the  concept  of 
conservation  of  matter.  These 
suggestions  derive  from  the  work 
of  investigators  who,  following  up 
Piaget’s  theories,  have  reported 
success  in  fostering  logical  devel- 
opment by  teaching  mental  oper- 
ations such  as  reversibility.  Re- 
mind children  of  the  work  on 
conservation  in  Unit  1. 


You  have  many  muscles  in  your  body.  They 
are  attached  to  your  bones.  Your  muscles 
move  your  bones. 

Feel  the  muscles  in  your  arms.  Where  do 
you  have  muscles  in  your  arms? 

Feel  the  muscles  in  your  legs.  Where  do 
you  have  muscles  in  your  legs? 

Some  muscles  are  big  and  some  muscles 
are  small. 


TEACHING  SUGGESTIONS 
(pp.  75-78) 

c lesson:  How  do  muscles  move 
bones? 

Learnings  to  Be  Developed: 

Muscles  can  change  in  length  to 
suit  the  work  to  be  done. 

To  conserve  the  amount  of  sub- 
stance in  something,  a change  in 
one  dimension  must  be  compen- 
sated for  by  a change  in  another 
dimension. 

If  nothing  has  been  added,  and 
nothing  taken  away,  the  total 
amount  of  substance  is  conserved. 

If  we  can  reverse  a change  in  the 
shape  of  an  object  and  restore  the 
object  to  its  original  shape,  the 
amount  of  substance  in  the  object 
must  always  be  the  same,  even 
though  the  object  may  look  dif- 
ferent. 

Muscles  move  in  pairs;  as  one  be- 
comes shorter  and  thicker,  the 
opposing  muscle  becomes  thinner 
and  longer. 

Developing  the  Lesson:  The  relation- 
ship of  muscles  to  bones  and 
joints  is  difficult  for  some  children 
to  understand.  Use  the  classroom 
door  to  clarify  this  relationship. 
The  hinge  in  the  door  permits  the 
door  to  move  in  a particular  way, 
but  it  does  not  do  the  work.  Some- 
one has  to  push  the  door.  In  a like 


manner,  muscles  do  the  work  of 
moving  bones.  They  are  attached 
to  bones. 

Today  we're  going  to  talk  about 
the  part  of  the  body  that  does 
the  work  when  we  move.  Let's 
try  opening  and  closing  the  door. 

Choose  a pupil  to  do  so. 

Have  the  children  read  page  75 
and  locate  the  muscles  in  the 
boy's  arms  and  legs. 

Children  often  use  "muscle”  as 
synonymous  with  only  one  muscle 
-the  bicep  (which  is  really  a pair 
of  muscles).  Emphasize  that  when- 
ever any  bone  moves,  there  must 
be  a muscle  to  do  the  work.  There 
are  muscles,  then,  in  various  parts 
of  the  body. 

Explain  to  the  children  how  mus- 
cles are  attached  to  bone.  There 
are  tendons  at  each  end  of  a 
muscle,  which  fasten  to  different 
bones.  Ligaments  hold  the  ten- 
dons in  place  at  the  joints.  Chil- 
dren may  have  heard  of  someone 
having  a strained  tendon  or  a torn 
ligament.  The  structure  of  bone, 
muscle,  tendon,  and  ligament  al- 
lows for  considerable  flexibility 
within  the  limits  set  by  the  type 
of  joint. 

After  oral  reading,  have  the  chil- 
dren feel  the  muscles  in  their 
lower  arms  as  they  move  their 
fingers. 


Different  muscles  move  bones  in  different 
ways.  Move  parts  of  your  body  in  different 
ways.  Feel  the  muscles  that  move  the  bones. 

Hold  your  hands  on  your  neck  the  way 
Peter  is  doing.  Move  your  head  from  side  to 
side.  Do  you  feel  the  muscles? 


Touch  your  arm  the  way  Peter  is  doing. 
Now  bend  your  fingers.  Make  them  straight 
again.  Do  the  muscles  in  your  arm  move  your 
fingers? 
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Muscles  can  change.  You 
can  feel  and  see  this  happen. 

Feel  the  muscle  in  your 
arm  the  way  Peter  is  doing. 
Now  bend  your  arm.  Do  you  / 
feel  the  muscle  get  shorter  j 
and  thicker?  What  part  of  the  I 
muscle  gets  thickest? 


Make  your  arm  straight  again.  Do  you  feel 
the  muscle  get  long  and  narrow  again? 


Put  your  hands  on  your 
cheeks  the  way  Peter  is  doing. 
Now  smile.  Do  you  feel  your 
cheeks  get  fuller?  Stop 
smiling.  How  do  your  cheeks 
feel  now? 
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!if  The  discovery  approach  can  be 
used  to  help  pupils  understand 
that  muscles  can  become  longer 
I or  shorter,  and  that  muscles  work 
in  antagonistic  pairs.  Pupils  are 
| accustomed  to  "feeling  the  mus- 
cle"  in  the  upper  arm  as  it  be- 
J:  comes  shorter  and  thicker.  While 
1 not  as  apparent,  it  is  still  possible 
| to  feel  some  change  in  the  oppos- 
f.  ing  muscle  on  the  outside  part  of 
[j  the  arm,  and  thus  help  build  the 
;;  concept  of  antagonistic  action. 

ii  Understanding  seemingly  simple 
1 changes  in  a muscle  involves  a 
I mental  operation  in  which  the  re- 
I lations  between  the  two  dimen- 
sions of  length  and  thickness 
!;  change  while  the  total  amount  of 
! substance  in  the  muscle  remains 
the  same.  Such  conservation  prob- 
! lems  give  the  young  child  diffi- 

i1  culty,  for  he  still  cannot  see  in  his 
mind  that  the  muscle  gains  in 
length  what  it  loses  in  thickness. 
It  is  only  as  the  child  works  with 
p materials  himself  and  discovers 
| the  change  in  relations  that  he 
ii  becomes  able  to  perform  a recip- 
1 rocal  mental  operation. 

| Ask  the  children  to  flex  their  arm 
1 muscles. 

S ® Is  there  more  stuff  in  the  muscle 
| when  we  make  it  bulge ? (No.) 

|j  If  the  children  think  there  is  more 
| stuff,  give  each  child  two  rubber 
;]  bands  to  twist  together  to  repre- 
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that  the  amount  of  “stuff”  in  a muscle  is  the  same  whether  the  muscle  is  contracted 
or  relaxed. 


sent  the  muscle.  Have  the  children 
pull  on  each  end. 

• What  is  happening  here?  (Bands 
become  longer.) 

• As  they  become  longer,  what 
else  is  happening?  (Bands  be- 
come thinner.) 

• Have  we  added  any  rubber? 
Have  we  taken  any  away? 

• If  we  don't  add  any  and  don't 
take  any  away,  then  what  is  true 
of  the  amount  of  rubber  when  it 
is  stretched?  (Stays  the  same.) 

Additional  logical  proof  can  be 
introduced  here  that  if  a change  in 
one  dimension  is  compensated  for 
by  a change  in  another,  the 
amount  of  matter  stays  the  same. 
Have  the  children  study  the  dia- 
gram at  the  top  of  page  78. 

• What  words  can  we  use  to  tell 
about  the  first  muscle?  (Short 
and  thick.)  The  second?  (Long 
and  thin.) 

On  the  chalkboard,  draw  a square 
made  up  of  sixteen  smaller 
squares,  arranged  in  four  columns 
of  four  each.  This  represents  the 
short,  thick  muscle.  Then,  on  a 
new  drawing,  show  two  of  the 
columns  added  to  the  other  two, 
so  that  you  have  a rectangle  of 
two  columns  of  eight  squares 
each.  The  children  can  count  to 
see  that  the  number  of  squares  is 
the  same. 


and  thick. 
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But  this  muscle  is 
long  and  narrow. 

Muscles  work  in  pairs. 


Now  make  your  arm 
straight  again. 

Which  muscle  is  long 
and  narrow  now? 

Which  muscle  is  short 
and  thick  now? 


Tell  the  Word 


TEACHING  SUGGESTIONS 
(pp.  79-81) 


Background:  For  this  page,  be  sure 
to  have  the  children  write  the  an- 
swers in  their  notebooks. 

Backbone 

Bones 

Joints 

Muscles 

Skeleton 

For  review,  arrange  an  exhibit  of 
mechanical  models  of  joints  and 
have  the  children  label  them. 

Have  the  children  make  rubber- 
band  models  of  muscles.  Stretch 
one  rubber  band  between  two 
nails  on  a peg  board.  Attach  the 
other,  but  do  not  stretch.  Have  the 
children  write  labels  to  describe 
each  “long  and  thin";  “short  and 
thick". 

Bring  in  a boiled  chicken,  and  dis- 
sect at  the  thigh.  Carefully  remove 
the  meat  and  have  the  children 
locate  and  name  the  bones,  mus- 
cles, and  joints.  Call  attention  to 
the  cartilage  (gristle),  and  recall 
the  function  it  serves. 


What  Do  You  Know? 


Use  pages  80  and  81  as  review. 

The  answers  to  the  questions  are 
as  follows: 

Bones  support  the  body  and  make 
movement  possible. 

Hand  bones  are  small  and  have 
several  joints,  making  fine  move- 
ments possible  and  permitting 
great  flexibility.  Leg  bones  are 
long,  thick,  and  strong;  they  sup- 
port the  body  weight  when  the 
body  is  in  an  upright  position. 

Leg  bones  are  moved  on  hinge 
joints,  which  permit  bending  at 
the  knees  and  aid  in  walking,  run- 
ning, and  stooping. 

Finger  bones  are  moved  on  hinge 
joints  also,  but  because  there  are 
more  joints,  the  fingers  can  be 
curled  up  to  make  a fist.  This 
makes  grasping  possible.  The 
thumb  opposes  the  fingers,  so  that 
we  can  hold  a pencil,  thread  a 
needle,  etc.  The  opposable  thumb 
is  unique  to  man. 

Joints  enable  the  parts  of  the  body 
to  move  in  different  ways. 

Hinge  joints,  such  as  those  in  the 
fingers,  enable  bones  to  move  up  jj 
and  down;  ball-and-socket  joints, 
as  in  the  shoulder,  permit  the  bone 
to  make  a complete  swing. 


What  do  bones  do? 

How  are  hand  bones 
different  from  leg  bones? 


How  can  your  leg  bones 
move? 


How  can  your  finger  bones 
move? 


What  do  joints  do? 
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Tell 

about 

two 

different 

kinds  of 

joints. 

Tell 

two 

ways 

a bird’s 

skeleton 

is  like 

your 

skeleton. 

Tell 

two 

ways 

a bird’s 

skeleton 

is  different 

from  your 

skeleton? 


A bird  has  a backbone,  neck 
bones,  leg  bones,  a skull,  ribs,  and 
a sternum. 

The  skeleton  of  a bird  is  adapted 
to  flight.  The  bones  are  very  light 
in  weight;  they  are  hollow  and 
thin,  yet  very  strong.  The  bird  also 
has  bones  in  its  wings  and  tail.  Its 
neck  bones  are  put  together  in 
such  a way  that  its  head  and  neck 
are  very  mobile. 

Use  the  boiled  chicken  for  obser- 
vation here.  Remove  the  meat 
from  the  carcass  so  the  children 
can  identify  the  parts  of  the  skele- 
ton and  observe  how  its  structure 
is  related  to  function. 

Muscles  do  the  work  of  moving 
bones. 

Muscle  cells  or  fibers  in  the  arm 
become  shorter  and  thicker  when 
contracted,  but  there  is  no  change 
in  the  amount  of  muscle. 


What  do  muscles  do? 

What  happens  to  the  muscles 
in  your  arm  when  you  bend  your 


KEY  CONCEPTS 


Key  Concept  1.  Events  in  the  nat- 
ural environment  happen  in  an 
orderly  rather  than  a haphazard 
way;  man  searches  for  laws  to 
explain  this  order  by  observing, 
hypothesizing,  checking  his  ideas, 
and  rejecting  those  which  do  not 
square  with  reality. 

Key  Concept  2.  Lawful  change  is 
characteristic  of  events  in  the  nat- 
ural environment;  although  living 
things  tend  to  produce  living 
things  like  themselves,  over  mil- 
lions of  years  the  earth  and  living 
things  on  earth  have  changed, 
and  diversified  forms  of  life  have 
evolved. 

Key  Concept  3.  To  find  order  in 
the  natural  environment,  the  sci- 
entist seeks  basic  units  that  can 
be  put  together  in  an  almost  in- 
finite variety  of  ways;  the  cell  and 
the  atom  are  examples  of  such 
units. 

Key  Concept  5.  The  motion  of  par- 
ticles helps  to  explain  such  phe- 
nomena as  heat,  light,  electricity, 
magnetism,  and  chemical  change. 

Key  Concept  6.  There  is  a basic 
tendency  toward  stability  or  equi- 
librium in  the  universe;  thus,  en- 
ergy and  matter  may  be  trans- 
formed, but  the  sum  total  of  mat- 
ter and  energy  is  conserved. 


This  unit  contributes  to  the  learning  of  two  key  concepts: 
the  orderliness  of  events  in  the  natural  environment  and  the 
relationship  betweemstructure  and  function. 


FINDING  OUT  ABOUT 

Plants 


Other  concepts  appear  under  the  " Learnings  to  Be  Developed” 
section  in  each  lesson  found  in  the  Teaching  Suggestions. 


All  living  things  need  food.  A 
plant  is  a living  thing  that  needs 
food.  But  most  plants  stay  in  one 
place.  How  do  you  think  plants 
get  the  food  they  need?  You  will 
find  out.  You  will  also  find  out 
many  other  things  about  plants. 
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Key  Concept  7.  When  equilibrium 
is  upset  in  organism-environment 
interactions,  regulatory  mechan- 
isms go  to  work  to  restore  equi- 
librium. 

Key  Concept  8.  There  is  a relation- 
ship between  structure  and  func- 
tion; the  structure  of  parts  of  liv- 
ing organisms  determines  the 
function  of  those  parts. 

CONCEPTS: 

1.  There  are  many  different  kinds 
of  plants. 

2.  Plants  are  made  up  of  differ- 
ent parts,  and  each  part  has  a 
special  function. 

3.  Plants  must  have  food  and 
water  in  order  to  grow. 

4.  The  seeds  of  plants  are  dis- 
tributed by  various  means. 

PROCESSES: 

Observing — Pages  84,  85,  86, 
87,  88,  89,  90,  91,  92,  93,  94,  95, 
96,  97,  98,  99,  100,  101,  102, 
103,  104,  105,  106,  107. 
Experimenting — 91,  92,  95,  101. 
Comparing — 84,  85,  86,  87,  88, 
89,  90,  91,  92,  93,  94,  95,  97,  99, 
100,  101,  102,  103,  104. 

Inferring — 91,  92,  93,  94. 
Classifying— 86,  87,  88,  89,  98, 

99. 

Selecting— 104,  105. 
Communicating — 95. 
Demonstrating — 90,  93,  94,  98, 

100. 

Explaining — 97,  98,  106,  107. 


TEACHING  SUGGESTIONS 

(pp.  84-89)  I 

f 

* LESSON:  What  are  the  parts  of  a 
plant? 

Learnings  to  Be  Developed: 

Plants,  unlike  most  animals,  stay 
in  one  place  and  must  get  food  in 
that  place  in  order  to  live. 

Trees  are  large  plants. 

The  plants  most  familiar  to  chil- 
dren have  roots,  stems,  green 
leaves,  and  flowers. 

In  flowering  plants,  the  flower 
develops  into  a fruit,  which  con- 
tains a number  of  seeds;  new 
plants  grow  from  seeds. 

Each  kind  of  plant  is  unique  in 
the  kind  of  flower  it  produces  and 
in  the  kind  of  fruit  and  seed  that 

i 

develop. 

Developing  the  Lesson:  There  is  an 
opportunity  here  to  give  children 
practice  in  classification  skills.  Dis- 
play on  the  bulletin  board,  in 
random  order,  various  pictures  of 
plants  and  animals.  Have  the  chil- 
dren study  the  pictures. 

If  I asked  you  to  put  together 
things  that  belong  together , and 
to  make  two  groups  only,  what 
would  be  the  two  groups?  (Plants 
and  animals.) 

Have  two  children  group  the  pic- 
tures on  the  bulletin  board. 


There  are  many  kinds  of  plants.  Some 
plants  are  very  small.  Some  plants  are  very 
big,  like  trees.  Some  plants  grow  for  only 
one  year.  Some  plants  grow  for  many  years. 
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It  takes  many  years 
for  a tree  to  grow  big. 
Many  trees  are  older  than 
you  are.  Many  big  trees 
are  older  than  your  father 
or  mother.  Some  trees 
are  even  far  older  than 
your  grandfather  or 
your  grandmother. 

Trees  get  bigger  each 
year.  They  grow  taller 
as  their  branches  grow 
longer.  Their  trunks  grow 
wider. 

The  trunk  of  a tree 
will  show  how  old  it  is. 
When  a tree  is  cut  down, 
you  can  see  rings  in  its 
trunk.  There  is  one  ring 
for  each  year.  You  can 
tell  how  old  the  tree  is 
by  counting  the  rings. 


I 

Are  plants  like  animals  in  any 
way? 

In  what  way  is  this  plant  (indi- 
cate one  in  the  classroom  or  out- 
side the  window)  like  a dog  or 
cat?  (Both  are  living  things;  both 
have  certain  requirements  for 
life.) 

After  oral  reading,  have  the  chil- 
dren speculate  about  how  plants 
get  the  food  that  they  need.  Chil- 
dren will  probably  say,  "From  the 
ground,"  but  ask  what  food  is  in 
the  soil.  See  if  the  children  have 
the  concept  that  there  are  dis- 
solved minerals  in  the  soil  that 
plants  utilize  for  food.  A compari- 
son can  be  made  with  water  plants 
that  take  up  dissolved  nutrients 
from  the  water. 

Green  plants  can  make  their  own 
food;  this  concept  will  be  devel- 
oped later  in  the  children's  study 
of  science. 

Have  the  children  frame  questions 
about  plants  that  would  be  im- 
portant to  answer. 

Explain  that  there  is  a limit  to  the 
size  of  each  kind  of  living  thing. 

Suppose  the  geranium  lived  for 
a long , long  time.  Would  it  grow 
to  be  as  big  as  the  tree  if  it  were 
fed  very  carefully?  (Proper  food 
and  care  will  make  plants,  as 
well  as  human  beings,  grow  to 
the  limit  of  their  size,  which  is 
set  by  their  heredity.) 


I he  tiowering  seed  plants  discussed  m this  unit  are  tne  most  advanced  or  an  or  we 
plant  groups. 


The  Parts  of  a Plant 


o What  dogs  will  always  be  small , 
no  matter  how  much  good  care 
they  get ? 

• What  dogs  will  grow  large? 

Make  a similar  comparison  with 
plants.  Have  the  children  name 
plants  that  will  be  big  because  of 
inheritance  and  plants  that  will  be 
small.  Try  to  give  the  children  an 
appreciation  of  the  great  diversity 
of  plants  in  terms  of  size. 

Have  the  children  read  page  85. 
Establish  first  that  the  tree  is  a 
plant;  the  children  have  been  ac- 
customed to  limiting  the  use  of 
thjs  word  to  house  or  garden 
plants  considerably  smaller  than 
a tree.  Show  pictures  of  different 
kinds  of  trees  that  are  large  and 
small. 

Is  this  a plant? 

How  do  you  know?  (It  is  a living 
thing,  and  it  is  not  an  animal,  so 
it  must  be  a plant.) 

Call  attention  to  the  dark-and- 
light  banding  in  the  annual  rings 
of  the  tree.  The  narrow,  dark  part 
is  produced  in  summer  and  fall; 
the  wider  banding  is  composed  of 
vessels  laid  down  in  the  spring. 
Vessels  laid  down  during  spring 
have  a wider  diameter  because 
rains  provide  trees  with  more 
water,  while  hormones  stimulate 
expansion  of  conducting  channels 
to  accommodate  extra  flow. 


Most  of  the  plants  you  know  have  stems, 
flowers,  roots,  and  green  leaves.  A flower 
grows  seeds.  One  part  of  the  flower  turns 
into  a fruit.  The  new  seeds  are  in  the  fruit. 
New  plants  grow  from  these  seeds. 


Each  of  the  four  major  parts  of  the  plant  is  uniquely  structured  to  serve  certain  im- 
portant functions.  See  the  teaching  suggestions. 


Find  the 
Find  the 
Find  the 
Find  the 


roots  of  each  plant, 
stems  of  each  plant, 
leaves  of  each  plant, 
flowers  of  each  plant. 
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The  discussion  from  page  86 
through  page  101  is  about  a major 
class  of  plants  called  flowering 
seed  plants  (angiospermae).  These 
are  the  most  advanced  of  all  of 
the  plant  groups.  Write  flowering 
seed  plants  on  the  board.  Tell  the 
children  that  the  next  few  lessons 
will  be  about  this  group  of  plants. 

Background:  There  are  about  a quar- 
ter million  different  species  of 
flowering  plants,  so  it  will  not  be 
difficult  for  the  children  to  name 
some.  However,  they  are  likely  to 
confine  themselves  to  flowers  and 
not  to  realize  that,  in  addition  to 
annuals,  biennials,  and  perennials, 
there  are  herbaceous  plants  such 
as  wheat,  corn,  rye,  and  other 
grasses,  as  well  as  woody  plants 
such  as  the  oak  tree,  which  are 
grouped  as  flowering  plants. 

Discuss  the  functions  of  different 
parts  of  the  plant. 

What  do  the  roots  do?  (Anchor 
the  plant  and  take  up  water.) 

Have  an  uprooted  plant  (a  weed 
such  as  the  dandelion  will  do) 
available  for  pupils  to  study.  Call 
attention  to  the  root  hairs,  and 
have  pupils  look  at  them  closely 
with  a magnifying  glass. 

What  do  the  root  hairs  do?  (Soak 

up  moisture  and  dissolved  nutri- 
ents.) 


What  does  the  stem  do?  (Sup- 
ports the  plant  and  carries  food 
and  water  to  the  leaves  and 
flowers.) 

What  do  the  leaves  do?  (Here 
pupils  will  have  to  be  told  the 
answer:  leaves  make  food,  by  a 
process  to  be  studied  later;  the 
leaf  is  really  a food  factory.) 

What  do  the  flowers  do?  (Pro- 
duce fruit  or  seeds.) 

Emphasize  the  uniqueness  of  each 
kind  of  plant.  Use  the  peach  tree 
as  an  example. 

How  does  the  peach  tree  differ 
in  its  looks  from  an  apple  tree? 
(Shape,  bark,  leaves,  flowers, 
fruit  are  all  different.) 

Tell  the  children  that  all  the  "in- 
structions" for  how  the  plant  is  to 
grow  are  in  the  seed,  and  that 
each  seed  can  only  grow  into  a 
plant  like  the  one  that  it  comes 
from. 

The  children  may  be  surprised  to 
see  parts  of  the  cucumber  and 
bean  labeled  as  fruit  (p.  88).  Fruit 
is  that  part  of  the  plant  containing 
the  seed.  Nuts  are  dry  fruits.  The 
"keys"  that  are  produced  on 
maple  trees  are  fruits.  The  acorn  is 
a fruit.  Some  fruits  have  burrs  or 
hooks.  Help  the  children  to  see 
that  we  use  some  words  in  our 
everyday  language  in  a way  that  is 
different  from  the  words'  uses  in 


peacn  seeo  win  noi  proauce  any  Kina  or  plant  out  a peach  tree.  Seeds  of  plants  have 
certain  adaptive  features,  such  as  the  toughness  of  the  seed  coat. 


Fruits  and  Flowers 


Each  kind  of  plant  has  its  own  flowers. 
Each  kind  of  plant  has  its  own  fruit. 
Each  kind  of  flower  grows  its  own  seeds. 


Call  attention  to  the  fact  that  in  all  of  the  plants  discussed  so  far  there  is  an  orderly 
development  from  seed  to  flower. 


Flower 


Maple 


Seeds 


Dandelion 


science.  In  everyday  language, 
fruit  is  edible;  but  to  be  classified 
scientifically  as  fruit,  it  need  not 
be  edible  to  man;  it  need  only 
contain  seeds. 

Have  the  children  bring  in  many 
different  kinds  of  seeds,  including 
those  pictured  on  page  89.  Exam- 
ine the  seed  coats,  noting  their 
toughness.  Crack  or  pry  open  one 
of  the  seeds.  Look  for  the  embryo 
plant  inside. 

Ask  the  children  how  each  of  the 
seeds  pictured  is  spread. 

Where  do  the  new  dandelion 
plants  in  the  lawn  come  from 
each  spring?  (Seeds  from  old 
plants,  scattered  by  the  wind.) 

Why  do  dandelions  spread  so 
easily?  (Each  plant  produces 
many  flowers,  which  in  turn  pro- 
duce many  seeds.  The  white 
fuzzy  mass  is  made  up  of  scores 
of  seeds.) 

If  dandelion  plants  are  in  the  seed- 
ing stage,  have  one  brought  in  and 
the  separate  seeds  counted. 

Emphasize  the  adaptive  features 
of  all  seeds.  The  seed  has  many 
advantages  as  a means  of  repro- 
duction. It  can  su.vive  adverse 
conditions  and  germinate  when 
more  favorable  conditions  arrive. 
It  is  easily  spread  by  wind,  water, 
or  animals. 
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TEACHING  SUGGESTIONS 

(pp.  90-97) 

lesson:  How  do  plants  grow 
from  seeds?- 

Learnings  to  Be  Developed: 

A seed  contains  an  embryo  plant 
and  nourishment  for  the  embryo. 

Green  plants  can  make  their  own 
food. 

Green  plants  need  water,  light,  the 
proper  temperature,  and  nourish- 
ment to  grow. 

Seeds  are  carried  to  different 
places  by  wind,  animals,  man,  and 
water. 

Developing  the  Lesson:  This  easily 
arranged  activity  (p.  90)  is  an  ef- 
fective way  to  impress  on  children 
that  the  seed  actually  has  inside 
its  coat  a potential  new  plant.  The 
water  in  which  the  beans  are 
soaked  will  start  the  germination 
process,  and  after  a day  the  baby 
plant,  or  embryo,  is  plainly  visible. 

See  that  each  child  has  several 
bean  seeds.  After  oral  reading, 
have  the  children  find  the  three 
main  parts  of  the  seed— coat, 
stored  food,  and  small  new  plant. 

Is  there  much  food  inside  the 
seed  for  the  plant?  (No.) 

What  must  we  do  if  the  plant  is 
to  grow?  (Put  it  into  soil  so  it  will 
get  the  nutrients  it  needs.) 


A seed  consists  of  a seed  coat,  an  embryo  or  miniature  plant,  and  endosperm  or  food- 

What  Is  in  a Seed? 

Put  some  bean  seeds  in  water  for  a day. 


bryo  and  endosperm  absorb  water,  swell,  and  rupture  the  seed  coats,  freeing 


Then  open  a bean  seed. 


Do  you  see  the  little  plant?  The  big  part 
of  the  seed  is  food  for  the  little  plant. 

The  little  plant  will  use  the  food  in  the 
seed.  It  will  grow  roots  and  green  leaves. 
Then  it  will  not  need  the  food  in  the  seed  any 
more.  How  will  it  get  food? 
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What  Do  Green  Plants  Need? 


Green  plants  can  make  their  own  food. 
What  do  they  need  to  make  food? 

Do  green  plants  need  soil?  You  can  find  out. 


Put  wet  paper 
towels  in  a dish.  Put 
some  bean  seeds  on 
the  wet  towel.  Put  a 
paper  over  the  beans. 
Keep  the  towels  wet 
every  day.  Watch 
the  beans  grow. 

Plant  some  bean 
seeds  in  soil.  Put 
water  on  the  soil 
every  day. 
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How  long  does  it  take  for  the  little  plants 
to  come  out  of  the  soil? 

Do  the  plants  in  the  soil  grow  better  than 
the  plants  in  the  water?  What  happens  to 
the  plants  in  the  water? 

Most  plants  need  soil  to  make  food. 
There  are  some  plants  that  do  not  need  soil. 
You  used  some  of  these  plants  in  your 
aquarium. 


What  does  the  soaking  in  water 
do?  (Softens  the  hard  coat  so 
that  water  can  be  absorbed.  As 
the  water  is  absorbed,  the  baby 
plant  begins  to  grow.) 

Is  water  enough  to  start  the  baby 
plant  growing,  or  is  there  some- 
thing else  the  baby  plant  must 
have?  (Proper  temperature  is 
also  needed.) 

To  show  the  effects  of  tempera- 
ture on  germination,  soak  several 
seeds  in  warm  water  and  several 
in  a refrigerator.  After  a day  or 
two,  cut  open  the  seeds  and  note 
the  differences  in  size  among  the 
embryo  plants. 

As  pages  90  and  91  indicate,  the 
children  can  find  out  by  experi- 
mentation what  plants  need.  Have 
the  children  carry  out  the  activity 
of  planting  seeds  in  water  and  in 
soil.  Post  a chart  in  the  classroom 
where  each  day  you  can  record 
the  children's  observations  of 
growth  in  each  plant.  The  seeds 
on  the  wet  towel  may  sprout  first, 
but  unless  nutrients  are  provided, 
the  plants  will  yellow  and  die. 

To  show  how  plants  respond  to 
nutrients,  plant  some  seeds  in 
water  to  which  some  plant  food 
has  been  added.  Compare  the 
growth  of  these  plants  with  those 
on  the  wet  paper  towel  and  those 
in  the  soil. 
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Review  why  soil  is  necessary  — to 
anchor  roots  so  plant  does  not 
blow  away,  and  to  take  up  dis- 
solved food  particles  for  the  plant. 
But  are  all  soils  alike  in  the  min- 
erals they  contain?  Obtain  some 
rich  garden  soil,  some  sand,  and 
some  poor  clay  soil.  Plant  germi- 
nated seeds  in  each  and  note  the 
results.  Observe  that,  in  addition 
to  being  poor  in  nutrients,  the  clay 
soil  cracks,  letting  in  air  that  dries 
up  the  moisture  needed  by  the 
roots. 

Page  92  develops  the  concept  that 
plants  need  light  and  water  in 
order  to  grow.  The  activities  de- 
scribed here  will  help  pupils  ap- 
preciate this  need. 

In  planting  the  grass  seed,  be  sure 
to  puncture  holes  in  the  bottom 
of  the  can  so  that  excess  water  can 
drain  off.  The  soil  should  be  damp 
but  not  soaking  wet.  Keep  a daily 
chart  of  what  happens  to  the  grass 
in  each  can.  Do  not  merely  keep 
the  chart  in  very  general  terms 
such  as  "plants  look  better"; 
rather,  teach  the  children  to  ob- 
serve and  describe  differences  in 
color,  height,  and  thickness  of  the 
blades  of  grass  grown  with  and 
without  sunlight.  Such  observa- 
tions can  provide  practice  in  tak- 
ing into  account  more  than  one 
factor  or  variable. 


Do  green  plants  need  light?  You  can 
find  out. 

Plant  some  grass  seed  in  two  cans  of 
soil.  Let  the  grass  grow.  Water  both  cans 
of  grass. 

Put  a paper  bag  over  one  can  of  grass. 
This  will  keep  out  light.  Put  the  other 
can  where  it  can  get  light. 

Look  at  both  cans  of  grass  every  day. 
Do  they  look  different?  What  happens 
when  the  grass  does  not  get  light? 

Do  plants  need  water?  How  can  you  find 
out?  Can  you  tell  before  you  read  about  it? 

Put  two  other  cans  of  grass  where  they 
can  get  light. 

Water  one  can  of  grass.  Do  not  water  the 
other  can  of  grass.  Watch  what  happens. 


How  do  plants  get  water?  You  can  find 
out.  You  will  need  these  things. 


Do  this.  And  this. 
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Watch  what  happens.  Can  you 
tell  where  the  water  is? 

What  do  you  call  the  part  of  a 
plant  that  is  in  the  soil?  Do  you 
know  what  roots  do? 

Roots  take  up  water  from  the  soil. 
The  water  goes  up  the  plant  in  tubes. 

What  else  do  roots  do  for  a plant? 


Try  flooding  the  grass  in  one  can 
and  comparing  it  with  the  grass 
receiving  a normal  amount  of 
water. 

What  can  we  say  now  about 
what  plants  need  in  order  to 
live?  (Green  plants  need  light, 
moisture,  and  well-drained  soil. 
Roots  should  not  be  permitted 
to  dry  out,  yet  should  not  be  in 
water  constantly,  or  they  will  not 
get  the  air  they  need  to  carry  on 
their  work. 

In  the  first  experiment , what 
things  did  we  keep  the  same? 
(Soil,  temperature,  and  water.) 

What  was  different?  (Amount  of 
light.) 

In  the  second  experiment,  what 
things  did  we  keep  the  same? 
(Soil,  temperature,  and  light.) 

What  was  different?  (Amount  of 
water.) 

This  is  the  way  a scientist  experi- 
ments. He  changes  just  one  thing 
at  a time.  Why  is  this  important? 
(If  you  change  more  than  one  at 
a time,  you  don't  know  which 
thing  caused  the  results  you  are 
seeing.) 

On  page  93,  the  children  can  find 
out  more  about  the  architecture 
of  a plant  and  its  adaptive  features. 
Use  tall  stalks  of  celery  for  the  ac- 
tivity pictured  here. 


Call  attention  to  the  distance  the 
water  must  travel  from  the  bottom 
to  the  top  of  the  plant.  Stems  con- 
nect roots  and  leaves,  provide 
support  for  the  plant,  and  conduct 
nutrients.  This  activity  serves  as  a 
model  for  the  process  by  which 
nutrients  stored  in  water  are  con- 
ducted upward  to  the  leaves.  Cut 
open  a stalk  and  have  the  pupils 
find  the  tubes  through  which 
water  is  carried. 

A stalk  of  celery  can  also  be  used 
to  demonstrate  the  fact  that  water 
stored  in  stem  cells  makes  the 
cells  stiff,  thus  providing  support 
for  the  plant.  Deprive  the  stalk  of 
water  and  observe  the  wilting  the 
next  day. 

If  the  celery  plant  were  in  the 
ground , where  would  the  water 
come  from ? (Roots  absorb  water 
from  the  ground.) 

What  parts  of  the  roots  absorb 
water ? (Root  hairs.) 

What  does  the  water  carry  along ? 
(Dissolved  food.) 

Have  the  pupils  pull  up  some 
weeds  by  the  roots  and  bring  them 
in  for  study.  Observe  the  root  hairs 
with  a magnifying  glass.  Call  atten- 
tion to  the  fact  that  the  roots  are 
highly  branched,  enabling  the 
plant  to  get  water  and  nutrients 
over  a considerable  distance. 


Planting  Seeds 


What  must  you  do  to  grow  plants  in  a 
garden? 

Get  some  different  kinds  of  seeds  at  a 
store.  Look  at  the  seeds.  How  are  they 
different? 


p£K 
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Plant  some  seeds  in  soil. 
The  package  will  tell  you 
how  to  plant  them.  Some 
seeds  will  grow  a plant 
that  you  can  see  in  a few 
days.  Other  seeds  will 
take  longer.  See  how  long 
it  takes  for  your  seeds 
to  grow. 

Will  every  seed  that 
you  put  in  the  soil  grow 
into  a plant?  How  can 
you  find  out? 
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■ DELPHINIUM 


Have  pupils  verbalize  at  this  point  the  standard  way  ot  reporting  experiments.  i>ee  the 
teaching  suggestions. 

You  can  make  a chart  like  this  to  show 
what  you  find  out.  Make  the  chart  large  so 
that  you  can  write  on  it. 


PLANT 

1 2 

Delphinium 

Sweet  Pea 

Marigold 

Sunflower 
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You  have  been  finding  out  about  plants  in 
the  same  way  that  scientists  find  out.  You 
have  been  doing  experiments.  Can  you  tell 
about  an  experiment  you  have  done? 


Note  that  the  diameter  of  the  root 
system  may  exceed  the  diameter 
of  the  part  of  the  plant  growing 
above  the  ground.  Ask  if  the  chil- 
dren have  seen  an  uprooted  tree, 
and  ask  them  to  describe  its  root 
system. 

Have  the  children  bring  in  the 
materials  needed  for  the  activity 
shown  on  page  94— several  differ- 
ent kinds  of  seeds,  soil,  and 
wooden  flats  from  a florist  shop 
for  starting  the  plants.  Clay  pots 
can  be  used  if  flats  are  not  avail- 
able. Plan  to  have  four  types  of 
seeds  that  differ  in  size  and  in 
length  of  time  required  to  germi- 
nate. Carrot  and  lettuce  seeds  il- 
lustrate slow-  and  fast-germinating 
qualities;  there  are  differences, 
too,  among  the  marigold,  delphin- 
ium, sweet  pea,  and  sunflower. 

Read  aloud  the  directions  on  each 
seed  packet.  Call  attention  to  the 
relationship  between  the  size  of 
the  seed  and  how  deep  it  should 
be  planted;  very  small  seeds  are 
usually  planted  near  the  surface. 

The  package  may  also  contain  in- 
formation about  the  percentage  of 
seeds  that  can  be  expected  to  ger- 
minate. Have  the  pupils  count  the 
seeds  that  are  planted  and  record 
the  number.  Put  the  same  number 
of  seeds  in  each  container.  Pupils 
can  then  count  the  number  of 
seedlings  that  appear. 
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Seeds  Travel  to  Different  Places 


Have  the  children  record  on  the 
chart  (p.  95)  in  the  proper  column 
the  number  of  seedlings  that  ap- 
pear each  week.  Have  them  also 
measure  the  height  of  the  seed- 
lings and  record  the  range  in 
height  each  week. 

As  the  plants  grow , they  take  up 
more  room.  What  will  we  have 
to  do  as  the  plants  get  crowded ? 
(Transplant  to  individual  con- 
tainers, or  to  a garden  plot  out- 
doors.) 

Have  the  last  paragraph  on  page 
95  read  orally.  Use  this  oppor- 
tunity to  teach  pupils  a standard 
way  of  reporting  experiments. 

If  we  wanted  to  tell  another  sec- 
ond grade  about  one  of  our  ex- 
periments so  they  could  try  it 
also,  what  would  we  have  to  tell 
them  first?  (The  question  that  the 
class  was  attempting  to  answer.) 

Let's  take  the  experiment  where 
we  gave  light  to  some  plants  but 
not  to  others.  Tell  me  what  to 
say  to  the  second  grade.  (Write 
the  word  "question"  on  the 
chalkboard  and  have  a child  dic- 
tate what  to  write. 

Next,  what  would  the  second 
graders  need  to  know  to  do  the 
experiment?  (What  we  used.) 

For  the  next  heading,  we'll  write 
"You  will  need:" 


Some  plants  grow  from  seeds  that  no  one 
planted.  How  do  these  seeds  get  planted? 

Seeds  get  to  different  places  in  different 


ways. 


The  wind  blows  some  seeds 
to  different  places. 


Water  carries  some  seeds  to  different  places. 


Some  animals  put  seeds  into  the  ground. 
Some  of  these  seeds  grow  into  plants. 

Look  at  these.  There  are  seeds  inside.  How 
do  the  seeds  get  to  different  places? 


Seed 


Burr 


After  the  flowering  seed  plants  here  ha 
cussed,  children  can  name  other  p 
(mosses,  ferns,  evergreen  trees)  found 
and  discuss  how  their  seeds  travel.  Se 
ing  suggestions  for  development. 


Spanish  nettle 


Make  the  next  headings  "What  to 
do"  and  "What  happened,"  and 
have  the  children  fill  them  all  in. 
Then,  using  this  form  as  a model, 
have  the  class  tell  or  write  about 
one  of  the  other  experiments. 

Have  the  pupils  who  have  seen  a 
forest  or  woods  describe  the  plant 
life  there.  So  far,  the  discussion  in 
this  unit  has  been  confined  to 
flowering  seed  plants.  In  a forest, 
however,  other  plant  groups  are 
present.  The  children  may  name 
mosses,  ferns,  and  various  kinds 
of  evergreen  trees.  Discuss  how 
these  spread.  If  a sample  of  moss 
is  available  for  study,  have  the 
children  examine  the  spores  at  the 
ends  of  moss  stems.  In  some 
mosses  the  spores  are  in  the  bean- 
like pods  on  the  long  stems.  When 
a pod  breaks  open,  the  spores  can 
be  scattered  far  and  wide  by  wind 
and  water. 

Ferns  also  reproduce  from  spores. 
Spores  are  contained  in  the  brown 
cases  on  the  back  of  the  leaves. 
As  the  spores  ripen,  the  cases 
burst  open  and  the  spores  are 
forcibly  thrown  into  the  air,  as  a 
ball  is  thrown  overhand.  A new 
plant  will  develop  and  produce 
sex  cells,  provided  the  spore  falls 
on  suitable  ground. 
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(pp.  98-101) 

LESSON:  Must  plants  always  grow 
from  seeds? 

Learnings  to  Be  Developed:  New 

plants  do  not  need  to  start  from 
seeds;  they  may  be  grown  from 
bulbs  or  cuttings. 

Developing  the  Lesson:  Before  the 
children  read  page  98,  remind 
them  that  so  far  they  have  found 
out  that  new  plants  grow  from 
seeds  or  spores  to  start  new  plants. 

Have  page  98  read  orally.  Have  an 
onion  and  a knife  available  for 
every  two  or  three  pupils.  The 
children  can  slice  the  onion  in 
two  to  find  the  embryo  plant. 
Have  pupils  show  examples  of 
undeveloped  onions  and  well- 
advanced  embryo  plants. 

Who  has  an  onion  with  a plant 
inside  that  has  barely  started  to 
sprout?  Who  has  one  in  which 
the  plant  has  parts  that  are  easy 
to  see? 

In  the  onion  with  the  more  fully 
developed  plant,  note  how  much 
of  the  onion  has  already  been 
used  up  for  food.  When  the  food 
inside  the  onion  is  used  up,  nutri- 
ents must  be  supplied  from  some 
other  source  if  the  new  plant  is  to 
continue  to  grow. 


Growing  Plants  in  Other  Ways 

Not  all  plants  start  from  seeds.  Some 
plants  start  from  bulbs. 

An  onion  is  a bulb.  Cut  an  onion  open. 
Look  inside.  You  can  see  the  part  that  will 
grow. 


The  water  should  not  cover 
the  whole  onion.  Watch 
the  onion  as  it  grows. 

The  bulb  will  grow  in  water  for  some  time. 
What  will  the  new  plant  use  for  food? 

The  bulb  will  grow  better  in  soil.  Why? 
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Here  are  plants  that  grow  from  bulbs. 


Explain  the  importance  of  plants' 
storing  food  underground. 

Suppose  potatoes  grew  above 
the  ground.  What  would  have  to 
be  true  of  stems  to  support  the 
weight ? 

What  happens  to  large  tomatoes 
that  do  not  have  a strong  enough 
stem  to  support  the  weight ? 
(They  break  down  the  plant  or 
rest  on  the  ground  where  they 
rot  more  easily.) 

Have  the  children  plant  bulbs 
such  as  the  onion  or  daffodil  in  a 
container  containing  pebbles,  a 
few  bits  of  charcoal,  and  water. 
The  children  can  feel  the  bulb 
from  time  to  time,  to  see  how  its 
volume  diminishes  as  the  new 
plant  sprouts. 

Secure  a cutting  from  a plant  such 
as  a geranium,  coleus,  begonia, 
philodendron,  or  ivy.  Do  not  have 
too  long  a cutting,  or  the  plant 
will  have  too  many  leaves  to  be 
supplied  with  water.  Put  the  cut- 
ting in  water  and  leave  it  there 
until  small  root  hairs  develop. 
When  a root  system  is  plainly  visi- 
ble, the  new  plant  may  be  put  in 
soil. 

Cuttings  from  willow  trees  and 
forsythia  develop  a root  system 
rather  quickly,  and  new  plants  can 
successfully  be  grown  as  roots 
develop. 


Ask  the  children,  before  oral  read- 
ing of  page  101,  where  a potato 
grows  — above  or  below  the 
ground. 

Which  part  of  the  plant  is  the 
potato  we  eat— the  leaves,  stem, 
or  roots?  (Enlarged  stem.) 

How  does  an  underground  stem 
help  a plant  to  live  better?  (By 
storing  a great  quantity  of  food 
that  new  plants  can  draw  on. 
When  the  food  is  stored  under- 
ground, it  is  protected  from  ex- 
tremes of  heat  and  cold.) 


Sometimes  you  can  grow  new  plants  from 
stems  and  leaves.  These  are  called  cuttings. 

Try  growing  some  plants  from  cuttings. 
Put  the  cuttings  in  water  until  they  grow  roots. 
Then  put  them  into  soil. 
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Cultivated  varieties  of  potato 
ing  a piece  of  the  tuber  corn 


Here  is  another  way 
to  grow  plants. 


Get  a potato  and  cut  it  into  three  pieces. 

Plant  one  piece  in  soil. 
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Put  one  piece  on  wax  paper. 


Have  the  pupils  read  and  carry  out 
the  activity  on  page  101.  The  po- 
tato should  be  put  in  a dark  place 
until  it  begins  to  sprout  and  then 
cut  into  pieces,  allowing  one  eye 
with  a sprout  to  each  piece. 

Water  the  piece  in  soil,  so  that 
availability  of  soil  is  the  only  way 
in  which  this  piece  differs  from 
the  piece  grown  in  water.  Part  of 
the  piece  grown  in  water  should 
be  above  water  level,  so  that  the 
potato  will  not  rot. 

You  can  vary  the  experiment  here 
by  having  two  pots  of  soil  planted 
with  a piece  of  potato,  one  of 
which  is  kept  in  a cold  place  and 
one  in  a warm  place. 


Watch  what  happens.  Which  piece  grows 
best?  Why? 
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(pp.  102-104) 

lesson:  Are  all  plants  green? 

Learnings  to  Be  Developed: 

Plants  called  fungi  reproduce  from 
spores. 

A mold  gets  its  food  from  other 
living  organisms,  or  even  from 
nonliving  materials. 

Mold  must  be  studied  with  a 
microscope  to  see  its  very  small 
parts. 

Developing  the  Lesson:  Have  some 
mushrooms  to  show  to  the  class. 

Today  we're  going  to  find  out 
about  a different  kind  of  plant. 
What  is  the  name  of  this  plant ? 
(Hold  up  a mushroom.) 

How  is  this  plant  different  from 
these?  (Show  a dandelion,  blades 
of  grass,  cutting  from  a leafy 
shrub,  or  other  plants  that  are 
green.) 

After  reading  aloud  page  103,  dis- 
tribute a mushroom  to  every  two 
or  three  pupils.  Have  the  children 
note  differences  between  the 
mushroom  and  the  green  plants— 
mushrooms  have  no  flowers  or 
fruits;  mushrooms  have  no  woody 
or  green  parts. 

If  there  are  no  fruits  or  flowers 
on  the  mushroom,  then  how 
does  it  make  new  plants? 


In  contrast  to  flowering  seed  plants,  the  fungi  are  simple  plants,  lacking  true  roots, 

Plants  That  Are  Not  Green 

Some  plants  are  not  green.  Plants  that  are 
not  green  cannot  make  their  own  food.  They 
must  get  food  from  other  things.  Some  of  these 
plants  grow  on  living  things.  Some  grow  on 
things  that  are  not  living. 


Fairy  ring 


Cup  fungi 


Boletus 


Teach  the  children  about  fungi  from  the  standpoint  of  adaptation: 
Plants  lacking  true  roots,  stems,  leaves,  and  chlorophyll  are  adapted 
to  obtaining  the  basic  requirements  of  life. 


Break  open  the  cap  of  the  mush- 
room. Have  the  children  note  the 
large  quantities  of  spores.  Exam- 
ine them  with  a hand  lens.  Empha- 
size that  some  mushrooms  contain 
deadly  poisons,  and  that  mush- 
rooms should  not  be  picked  and 
eaten  unless  they  are  identified  as 
being  edible  by  an  expert. 

Call  attention  to  the  illustrations 
on  pages  102  and  103  and  to  pos- 
sible sources  of  nourishment  for 
the  mushroom— the  soil  and  de- 
caying wood. 

When  are  you  most  likely  to  see 
mushrooms  in  the  lawns  or 
parks?  (In  warm,  damp  weather.) 

Write  fungus  and  fungi  on  the 
chalkboard,  and  explain  the  singu- 
lar and  plural  forms  of  the  word. 
"Fungi”  is  the  name  of  a division 
of  plants  that  includes  not  only 
mushrooms,  but  also  molds,  mil- 
dews, blights,  yeasts,  rusts,  puff- 
balls and  toadstools. 

Where  does  the  mold  on  the 
bread  shown  on  page  104  come 
from , and  what  starts  it  grow- 
ing? 

Expose  some  moistened  bread 
and  some  dry  bread  to  the  air  for 
several  days.  On  which  does  mold 
begin  to  form  first?  Bread  mold 
needs  moisture  to  grow;  bread 
molds  form  more  readily  in  humid 
weather. 


Warmth  also  speeds  up  the  growth 
process.  Expose  two  slices  of  mois- 
tened bread  for  24  hours.  Then 
put  one  slice  in  a refrigerator.  Ob- 
serve the  rate  of  growth  of  the 
mold  on  each  slice. 

Tell  the  children  that  the  leaves  of 
green  plants  get  their  color  from 
a chemical  that  enables  the  leaves 
to  make  their  own  food.  The  green 
color  of  some  molds  comes  from 
different  substances. 

Fungi  provide  a good  opportunity 
to  stress  the  relationship  of  the 
organism  to  its  environment.  Most 
fungi  are  parasitic;  that  is,  they 
must  obtain  food  from  other  or- 
ganisms. Parasites  are  highly 
specialized;  in  the  process  of  evo- 
lution, certain  changes  in  structure 
and  function  have  occurred  so 
that  a given  parasite  is  adapted 
only  to  a particular  host.  Thus  we 
find  corn  smut  growing  on  corn, 
wheat  rust  growing  on  wheat,  a 
unique  downy  mildew  on  grapes, 
etc.  The  fungi  that  children  may 
know  best  are  mushrooms.  Some 
grow  in  soil;  others  are  parasitic 
on  woody  plants.  Spores  are  found 
inside  the  fruiting  body  and  are 
released  when  they  become  so 
numerous  that  they  break  open 
the  outer  layers.  These  reproduc- 
tive cells  are  then  spread  by  wind, 
water,  and  animals. 


Have  you  ever  seen  stale  bread  with 
green  spots?  The  spots  are  called  mold.  Mold 
is  a plant.  It  is  not  a green  plant.  It  does  not 
make  its  own  food.  It  grows  by  getting  food 
from  the  bread. 


A mold  plant  is  so  small  that  it  is  hard  to 
see  its  parts.  This  is  how  it  looks  when  you  see 
it  through  a microscope.  Scientists  often  use 
microscopes  to  study  molds  and  other  things 
that  are  hard  to  see. 

There  are  many  kinds  of  molds.  You  can 
find  some  of  them  on  fruits.  You  can  find  some 
of  them  on  cheese. 
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Tell  the  Word 


TEACHING  SUGGESTIONS 

(pp.  105-107) 

Background:  For  this  page,  be  sure 
to  have  the  children  write  the  an- 
swers in  their  notebooks. 

Bulb 

Cuttings 

Mold 

Stem 


What  Do  You  Know? 


Use  pages  106  and  107  for  review. 
The  answers  to  the  questions  are 
as  follows. 

Seeds  come  from  flowers  that  de- 
velop on  flowering  seed  plants. 

Plants  need  food,  warmth,  and 
moisture  to  live;  green  plants  also 
need  light. 

Plants  that  were  deprived  of  water, 
food,  or  warmth  under  experi- 
mental conditions  did  not  grow. 

The  little  plant  in  a bulb  draws  on 
food  stored  in  the  bulb.  The  part 
of  the  onion  that  we  eat  is  actually 
stored  food. 


Where  do  seeds  come  from? 
What  do  plants  need  to 
live? 


In  some  of  your  plant 
experiments,  the  plants  did  not 
grow.  Why? 


How  does  the  little  plant 
in  a seed  get  food? 


How  does  the  little  plant 
in  a bulb  get  food? 


Tell  three  ways  to  grow 
new  plants. 


Tell  three  ways  seeds  can 
get  from  one  place  to  another. 


How  do  the  roots  of  a plant 
help  the  plant? 


How  do  plants  that  are  not 
green  get  food? 


How  can  you  tell  how  old 
a tree  is? 


New  plants  can  be  grown  from 
seeds,  bulbs,  or  cuttings. 

Seeds  can  be  scattered  by  wind, 
water,  and  animals. 

The  roots  of  a plant  anchor  the 
plant  and  soak  up  water  contain- 
ing dissolved  food  from  the  soil. 

Plants  that  are  not  green  take  food 
from  other  living  things  or  from 
nonliving  materials. 

Counting  the  rings  is  one  way  to 
tell  the  age  of  a tree.  However,  it 
takes  an  expert  to  tell  the  age  ac- 
curately, for  there  may  be  more 
than  one  ring  added  during  a year 
when  there  is  an  early  drought 
and  later  rains. 
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KEY  CONCEPTS 


Key  Concept  i.  Events  in  the  nat- 
ural environment  happen  in  an 
orderly  rather  than  a haphazard 
way;  man  searches  for  laws  to 
explain  this  order  by  observing, 
hypothesizing,  checking  his  ideas, 
and  rejecting  those  which  do  not 
square  with  reality. 

Key  Concept  4.  All  objects  in  the 
universe  and  all  particles  of  mat- 
ter are  constantly  in  motion;  man 
has  discovered  and  stated  the  laws 
governing  their  motion. 

Key  Concept  5.  The  motion  of 
particles  helps  to  explain  such 
phenomena  as  heat,  light,  elec- 
tricity, magnetism,  and  chemical 
change. 

Key  Concept  6.  There  is  a basic 
tendency  toward  stability  or  equi- 
librium in  the  universe;  thus,  en- 
ergy and  matter  may  be  trans- 
formed, but  the  sum  total  of  mat- 
ter and  energy  is  conserved. 

Key  Concept  7.  When  equilibrium 
is  upset  in  organism-environment 
interactions,  regulatory  mechan- 
isms go  to  work  to  restore  equi- 
librium. 

Key  Concept  9.  The  scientist  has 
developed  measures  of  space, 
time,  and  matter  so  that  he  can 
communicate  explanations  that 
are  reproducible  and  make  pre- 
dictions about  events  in  the  nat- 
ural environment. 


This  unit  develops  some  basic  ideas  about  energy:  Heat  is  a 
form  of  energy.  Energy  can  be  transformed.  Thus,  radiant 
energy  from  the  sun  in  the  form  of.  infrared  waves  is  con- 
verted into  heat. 


Other  concepts  appear  under  the  “Learnings  to  Be  Developed’’ 
section  in  each  lesson  found  in  the  Teaching  Suggestions. 


FINDING  OUT  ABOUT 

Heat 


What  happens  to  most  plants 
in  winter?  What  happens  to 
most  plants  in  summer?  Plants 
need  heat.  We  also  need  heat 
to  live.  Living  things  get  heat 
from  the  sun.  Without  the  sun’s 
heat,  nothing  could  live. 
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CONCEPTS: 

1.  The  sun  heats  the  earth,  and 
the  earth  heats  the  air. 

2.  Things  expand  when  they  are 
heated. 

3.  Heat  is  transferred  from  warm 
bodies  to  cool  bodies. 

4.  Air  is  needed  in  order  for  a 
fire  to  burn. 

5.  The  temperatures  of  warm- 
blooded animals  do  not  change 
with  changes  in  the  temperature 
of  the  environment,  but  the  tem- 
peratures of  cold-blooded  animals 
do. 

6.  When  water  evaporates  it  takes 
up  heat. 

7.  Physical  activity  increases  body 
heat. 

8.  Dark-colored  fabrics  absorb 
more  of  the  sun's  rays  than  light- 
colored  fabrics. 

9.  Animals  adjust  to  cold  weather 
in  various  ways. 

PROCESSES: 

Questioning — Pages  111,  112, 


113, 

114, 

115, 

116, 

117, 

118, 

119, 

120, 

121, 

122, 

124, 

125, 

126, 

127, 

128, 

129, 

130, 

131, 

132, 

133, 

134, 

135, 

136, 

137, 

138, 

139, 

140, 

141, 

142, 

143, 

145, 

146. 

Experimenting- 

-114, 

115, 

116, 

117, 

118, 

119, 

120, 

122, 

124, 

134, 

137, 

138, 

139. 

Comparing — 110,  111 

1,  112, 

114, 

115, 

116, 

117, 

118, 

119, 

120, 

121, 

122, 

124, 

131, 

132, 

134, 

137, 

138, 

139, 

140, 

141, 

145, 

146. 

TEACHING  SUGGESTIONS 

(pp.  110-112) 

3 LESSON:  What  is  the  earth's  great- 
est source  of  heat? 

Learnings  to  Be  Developed: 

All  living  things  on  earth  need 
heat  from  the  sun  to  live. 

The  sun  is  a very  hot  star.  It  looks 
bigger,  brighter,  and  different 
from  other  stars  because  it  is 
nearer  the  earth. 

The  sun  warms  the  earth,  and  the 
warm  earth  then  makes  the  air 
warm. 

We  get  different  amounts  of  light 
and  heat  from  the  sun  at  different 
times  of  the  year. 

Developing  the  Lesson:  After  reading 
aloud  page  110,  have  the  children 
speculate  on  how  life  on  earth 
would  be  changed  without  heat 
and  light  from  the  sun. 

What  would  be  different  in  the 
picture  on  page  108? 

When  you  studied  plants,  what 
happened  to  the  plants  that  were 
kept  in  a dark  place? 

° Would  you  have  meat  or  fish  to 
eat  without  plants?  Why  not? 

Note  that  some  animals  feed  on 
other  animals,  but  that  these  other 
animals  in  turn  feed  on  green 
plants. 


related  to  its  temperature:  Yellow  stars  are  ot  medium  temperature,  wnue  Diue  stars 
are  the  hottest.  The  sun  is  a yellow  star. 


People  learned  a long,  long 
time  ago  that  the  sun  is  very 
important.  People  have  always 
wondered  about  the  sun.  They 
have  always  wanted  to  find  out 
more  about  the  sun. 

Scientists  have  found  out  many  things 
about  the  sun.  But  they  still  do  not  know 
everything  about  it.  You  will  find  out  some 
of  the  things  scientists  know  about  the  sun. 

Can  you  see  stars  in  the  daytime?  Yes,  you 
can  see  one  star  in  the  daytime.  You  can  see 
the  sun.  The  sun  is  a star.  Are  you  surprised 
that  the  sun  is  a star?  How  does  the  sun  look 
different  from  other  stars? 

If  you  could  travel  to  another  star  and 
look  at  the  sun,  you  would  see  just  a point  of 
light.  The  sun  would  look  like  any  other  star. 
When  you  see  it  from  the  earth,  the  sun  looks 
bigger  and  brighter  than  other  stars.  It  looks 
that  way  because  the  earth  is  much  nearer 
to  the  sun  than  to  any  other  star. 


The  sun  is  very  hot.  It  warms  the  earth 
and  the  things  on  the  earth.  The  warm  earth 
then  makes  the  air  around  the  earth  warm. 
Feel  the  ground 


Hold  your  hand  near  the  ground.  Does 
the  air  feel  warm?  What  makes  the  air  warm? 
Is  the  air  as  warm  as  the  ground? 


zCould  animals  live  without 
plants ? Could  you ? 

Have  the  children  read  aloud  page 
110. 

Were  you  surprised  that  the  sun 
is  a star? 

-How  does  it  look  different  from 
other  stars?  (Larger;  brighter.) 

-Is  Mars  also  a star?  (No,  it  is  a 
planet. 

What  is  the  difference  between 
planets  and  stars?  (Planets  are 
solid  bodies,  shining  by  reflected 
light;  stars  are  made  of  burning 
gases  that  give  off  light  of  their 
own.) 

To  help  the  children  develop  the 
concept  of  how  our  perception  of 
size  is  affected  by  distance,  do 
this:  Have  the  children  look  at  a 
tree  or  a building  some  distance 
away  while  holding  a pencil  at 
arm's  length.  Children  can  use 
their  fingers  to  indicate  the  height 
of  the  tree  as  it  appears  on  the 
pencil. 

Pages  111  and  112  introduce 
pupils  to  the  concept  of  radiation 
(though  the  term  need  not  be 
used)— the  transfer  of  heat  from  a 
warmer  substance  to  a cooler  one 
by  rays.  Rays  from  the  sun  heat 
the  objects  they  touch,  and  heat 
from  these  objects  warms  the  air. 


Ill 


If  sunlight  enters  the  classroom, 
the  children  can  do  the  activities 
described  on  page  111  as  they 
read.  If  not,  they  can  try  out  the 
activity  in  the  last  paragraph  when 
they  go  outside  to  play.  Empha- 
size that  it  is  the  warm  earth  that 
heats  the  air.  Ask  for  other  exam- 
ples of  warm  objects  we  use  to 
heat  the  air  (radiators,  stoves, 
baseboard  heaters).  Call  attention 
to  the  fact  that  the  air  does  not  get 
as  warm  as  the  ground;  some  sub- 
stances have  a greater  capacity 
than  others  for  absorbing  heat. 

Have  the  first  paragraph  of  page 
112  read  aloud;  then  discuss  it. 
The  effects  of  the  rotation  and 
revolution  of  the  earth  on  climate 
are  part  of  the  science  curriculum 
in  later  grades.  At  this  time,  bring 
out  that  some  places  are  heated 
more  by  the  sun  than  other  places. 

Which  parts  of  the  United  States 
are  warmer  than  others? 

Have  the  pupils  locate  some  of 
the  southern  states  and  Hawaii. 

After  the  second  paragraph  on 
page  112  has  been  read,  see  if 
children  can  name  months  when 
it  is  hot  and  cold.  Write  the  word 
season  on  the  board;  have  the 
children  name  the  seasons. 

During  which  season  do  we  get 
most  heat  from  the  sun?  Least 
heat? 


The  amount 
of  radiant  energy 
received  from  the 

sun  depends  in 
part  on  the  angle 
of  the  sun's  rays. 
Direct  or  vertical 
rays  transfer  more 
heat  than  rays  at 
acute  angles. 


Some  places  on  the  earth  are  heated 
more  by  the  sun  than  other  places.  Do  you 
know  about  places  that  are  warm  all  the 
time?  Do  you  know  about  places  that  are  cold 
all  the  time? 

At  some  times  of  the  year,  the  earth  gets 
more  heat  from  the  sun  than  at  other  times. 
At  what  time  of  the  year  is  it  hot  where  you 
live?  When  is  it  cold  where  you  live? 

The  earth  is  also  heated  more  by  the  sun 
at  different  times  of  the  day.  Which  parts  of 
the  day  are  cool?  Which  parts  are  warm? 


Matter  expands  wnen  neatea  Decause  increased  energy  is  imparted  to  me  moiecuies 
that  comprise  it.  Liquid  in  a thermometer  expands  when  heated  as  the  increased 
energy  causes  the  molecules  in  the  liquid  to  move  faster,  hit  other  molecules  more 
_ often,  and  thus  tend  to  push  each  other  apart.  See 

I nGrmOm©t©r  deat  and  Molecules,  Unit  2,  Book  6,  where  heat  is 

explained  to  pupils  in  terms  of 
t t the  action  of  molecules. 

How  can  we  tell  how  warm 

the  air  is?  

Is  there  a thermometer  in 
your  classroom? 

Look  at  the  colored  liquid 
in  the  thermometer.  It  is  not 
water.  A liquid  is  anything 
you  can  pour.  Water  is  a 
liquid,  but  there  are  other  kinds 
of  liquids  too.  Do  you  know 
any  other  liquids? 

The  liquid  inside  the 
thermometer  goes  up  and 
down.  When  does  it  go  up? 

When  does  it  go  down? 

A thermometer  is  marked 
in  degrees.  Look  at  the 
thermometer  on  this  page. 

How  high  is  the  liquid? 

Temperature  is  how  hot 
or  how  cold  something  is.  A 
thermometer  measures  the 
temperature. 
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Mercury  is  the  liquid  usually  used  in 
thermometers  like  this  one,  since  it  re- 
mains liquid  over  a wide  range  of  tem- 
peratures. 


The  temperature  of  an  object  is  not  the  same  as  the  amount  of  heat 
contained  by  the  object.  Temperature  is  a measure  of  the  intensity 
of  the  heat  present  in  a substance,  that  is,  of  the  average  speed  of  its 
molecules. 


TEACHING  SUGGESTIONS 

(pp.  113-116) 

lesson:  How  can  you  use  a 
thermometer  to  measure  temper- 
ature? 

Learnings  to  Be  Developed: 

The  thermometer  measures  tem- 
perature; temperature  is  meas- 
ured in  degrees. 

The  liquid  in  the  thermometer 
goes  up  when  it  is  warm  and 
down  when  it  is  cold. 

Substances  differ  in  the  amount  of 
heat  they  absorb  and  reflect,  so 
some  things  feel  warmer  to  the 
touch  than  others  when  the  sun 
shines  on  them. 

Some  things  warm  up  faster  than 
others;  water  warms  up  more 
slowly  than  soil. 

Developing  the  Lesson:  There  are  two 
important  concepts  developed 
here  that  children  should  acquire 
concerning  the  thermometer.  The 
first  is  the  concept  of  the  “degree" 
as  a unit  of  measurement. 

How  do  you  describe  how  tall 
you  are?  (In  feet,  usually.) 

Explain  that  whenever  we  meas- 
ure something,  we  need  units  of 
measurement;  for  temperature, 
we  measure  in  degrees.  Second, 
children  need  to  know  how  to 
read  the  thermometer. 


Use  a horizontal,  numbered  line 
on  a large  cardboard  strip  to  ex- 
plain markings  on  a thermometer. 

Put  a 0 a short  distance  to  the 
right  of  the  beginning  of  the  line. 
Have  children  count  by  10's  to 
100,  and  mark  at  intervals  across 
the  line  to  the  right. 

• Suppose  we  start  at  100  and  ; 
move  backward  11  places.  Where 
would  we  be?  { Have  the  children 
find  1 place  to  the  left  of  the  ! 
zero.  Ask  what  to  call  this  place. 
The  children  may  know  "minus  i 
ten"  or  "negative  ten"  from  ; 
math.  Then  turn  the  numbered 
line  to  a vertical  position.) 

• Now  our  numbered  line  looks 
like  the  thermometer  in  your 
book.  We  have  another  name 
for  "minus  ten"  when  we  are  I 
talking  about  temperature.  We 
call  it  "ten  below  zero" 

Have  the  children  read  off  other 
temperatures  as  you  point  to 
them.  Have  the  children  make 
their  own  numbered  line,  turn  it 
to  a vertical  position,  and  outline 
the  shape  of  a wall  thermometer 
around  it.  If  the  children  see  that 
the  markings  on  the  thermometer 
simply  embody  the  principle  of 
the  numbered  line,  learning  to 
read  a thermometer  becomes  easy. 

Have  the  pupils  read  and  carry  out 
the  directions  on  page  114.  Use 
wall  thermometers.  Have  the 


How  Much  Warmer  Is  It  in  Sunlight? 

Put  one  thermometer  where  the  sun  will 
shine  on  it. 


Put  one  thermometer  where  the  sun  will 
not  shine  on  it. 

After  a while,  look  at  the  thermometers. 
Is  it  hotter  in  the  sun?  How  much  hotter  is  it 
in  the  sun? 


Note  that  the  silver  or  steel  spoon  heats  up  quickly.  Most  metals  are  good  conductors 
of  heat;  the  spoon  transfers  heat  quickly  to  the  air  or  the  fingers. 

Some  things  feel  warmer  than  others  when 
the  sun  shines  on  them. 

Put  a spoon  and  a piece  of  wood  in  a sunny 
place.  Let  them  stay  there  for  some  time.  Then 
feel  them.  Which  feels  warmer? 


Here  are  some  other  things  you  can  try. 
Which  things  feel  warmer  after  they  are  in  the 
sun  for  a while? 


pupils  first  locate  the  number  at 
the  top  of  the  column  of  liquid,  to 
make  sure  they  can  read  the  ther- 
mometer. Record  the  tempera- 
tures in  the  shade  and  in  the  sun. 

• How  can  we  find  out  how  much 
warmer  it  is  in  the  sun? 

Let  the  pupils  use  thermometers 
to  find  out  which  pupil  has  the 
warmest  spot  in  the  room  and 
which  pupil  has  the  coolest  spot. 

Why  are  some  parts  of  the  room 
warmer  than  others? 

Have  a pupil  read  page  115,  while 
other  pupils  carry  out  the  di- 
rections. While  the  spoon  and  the 
piece  of  wood  are  exposed  to  the 
sun,  write  two  headings  on  the 
chalkboard:  Heats  Slowly  and 
Heats  Quickly. 

Let's  think  of  what  things  are 
made  of,  and  see  whether  or  not 
all  materials  heat  up  the  same. 

® What  is  the  spoon  made  of? 

If  pupils  say  "Metal,"  ask: 

• Do  all  things  made  of  metal  heat 
up  as  fast  as  the  spoon?  How 
can  we  find  out? 

Metals  like  steel  and  copper 
absorb  heat  quickly;  aluminum 
does  not.  Collect  objects  made  of 
as  many  different  kinds  of  metal 
as  possible;  a penny,  a dime,  a 
nickel,  aluminum  foil,  a pan,  a 


steel  knife,  etc.  If  there  is  no 
direct  sunlight  in  the  classroom, 
materials  can  be  heated  over  an 
electric  hot  plate.  At  the  end  of 
the  lesson,  list  each  metal  in  the 
appropriate  column  on  the  board. 

Record  keeping  can  be  introduced 
here.  Put  two  graphs  like  the  one 
below  on  the  chalkboard,  one  for 
water  temperature  and  one  for 
soil  temperature. 

Time 

10  11  12 
A.M.  A.M.  A.M. 

90° 

85° 

Temper-  

ature  75° 

70° 

65° 

If  the  water  temperature  is  65° 
at  10  o'clock,  we  put  a mark 
here.  (Demonstrate.) 

Suppose  it  is  70°  at  77  o'clock. 
Where  will  we  put  the  mark ? 

What  if  it  is  not  quite  70°,  but 
between  65°  and  70°  ? 

Continue  until  the  children  can 
read  marks  you  put  on  graph. 
Emphasize  that  changes  in  time 
and  temperature  are  happening  at 
the  same  time;  we  move  across 
the  graph  as  we  move  up.  When 
recording  of  observations  is  com- 
plete, draw  a line  connecting  the 
points. 


but  the  heat  is  concentrated  on  the  surface  while  water  absorbs  heat  deeply.  Thus 
land  warms  more  rapidly  than  water,  and  it  also  cools  more  rapidly. 


Some  things  get  warm  faster  than  other 
things. 

Put  some  soil  and  some  water  in  a sunny 
place.  Put  thermometers  in  the  soil  and  in  the 
water.  Watch  the  thermometers.  Which  warms 
up  sooner,  the  soil  or  the  water? 
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changes  in  the  amount  of  energy  imparted  to  the  molecules.  See  note  at  top  of  page 
113. 

When  Things  Are  Heated  or  Cooled 

How  do  things  change  when  they  are  heated 
or  cooled?  Your  teacher  will  help  you  find  out. 
She  will  get  this.  And  this. 


—ft  O 


She  will  show  that 
the  nail  fits  tightly  into 
the  washer. 

Watch  her  heat  the 
nail  this  way.  Will  the 
nail  now  fit  into  the 
washer? 

What  happens  when 
the  teacher  puts  the  hot 
nail  into  ice  water? 

Will  the  nail  fit  into 
the  washer  now? 

Things  get  bigger 
when  they  are  heated. 
They  take  up  more  room. 

Most  things  become 
smaller  when  they  are 
cooled.  Then  they  take  up 
less  room. 


TEACHING  SUGGESTIONS 

(pp.  117-122) 

LESSON:  What  happens  when 
things  are  heated  or  cooled? 
Learnings  to  Be  Developed: 

Things  expand  when  heated  and 
contract  when  cooled. 

Although  most  things  contract 
when  they  are  cooled,  water  is  an 
exception;  water  expands  when  it 
is  cooled. 

Heat  flows  from  hot  things  to  cold 
things. 

Developing  the  Lesson:  Do  the 
demonstration  with  the  washer 
first,  before  the  children  read 
page  117.  Get  their  explanations 
of  what  is  happening.  Then  have 
the  children  read  the  page. 

How  can  tight  caps  be  removed 
easily? 

This  problem  is  the  reverse  of  the 
nail  in  the  washer. 

Suppose  we  did  not  want  to  cool 
the  nail.  Is  there  some  other  way 
we  could  make  the  nail  fit  the 
washer?  (Heat  the  washer  to 
make  it  expand.) 

An  additional  experiment  on  the 
expansion  of  metals  can  be  set  up. 
Stretch  a taut  steel  wire  between 
two  posts  (ring  stands,  if  available) 
on  a table.  Measure  the  length  of 
the  wire.  Heat  the  wire  with 


several  burning  candles,  canned 
heat,  or  an  alcohol  lamp.  Have  the 
children  observe  how  the  wire 
sags.  Measure  the  wire  again  after 
5 minutes,  and  again  at  the  end  of 
the  lesson.  Have  the  children 
explain  what  is  happening. 

• Is  it  true  that  only  those  things 
that  are  made  of  metal  expand 
when  they  are  heated ? 

What  examples  of  other  ma- 
terials that  expand  can  you  think 
of? 

Underlying  the  development  on 
pages  117  to  119  is  the  concept 
that  matter  exists  in  three  states— 
solid,  liquid,  and  gas.  In  all  three 
states,  matter  expands  when 
heated  and  contracts  when 
cooled.  The  activity  on  page  118 
demonstrates  expansion  of  gases. 

• So  far  we've  seen  that  things 
made  of  metal , wood , and  other 
solid  stuff  get  bigger  when  they 
are  heated  and  smaller  when 
cooled.  But  what  stuff  is  in  this 
balloon?  (Show  a balloon  that  is 
blown  up.)  Let's  see  if  air  takes 
up  more  room  when  it  is  heated. 

Have  the  pupils  read  and  then  do 
the  activity  on  page  118.  The 
balloon  can  be  put  over  a pan 
of  ice  for  quick  cooling. 

For  an  additional  activity  on 
expansion  of  gases,  blow  up  two 
identical  plastic  air  cushions,  or 


Try  this.  Watch  what 
happens  to  the  balloon. 


In  contraction,  occurring  when  matter  is 
cooled,  the  molecules  lose  energy  and 
move  about  more  slowly.  There  are  fewer 
collisions;  the  molecules  are  not  pushed 
apart,  and  so  the  substance  contracts. 


Now  do  this.  Watch 
what  happens  to  the 
balloon. 

How  does  air  change 
when  it  is  heated? 

How  does  air  change 
when  it  is  cooled?  You 
can  find  out. 


Do  you  remember  what 
How  does  a liquid 
change  when  it  is  heated? 
How  does  a liquid  change 
when  it  is  cooled?  You 
can  find  out. 

Color  some  water  and 
try  this.  Watch  what 
happens  to  the  water. 


Now  do  this.  What 
happens  to  the  water? 

A liquid  takes  up  more 
room  when  it  is  heated. 


A liquid  takes  up  less 
room  when  it  is  cooled. 


When  the  liquid  is  heated  under  these  condi- 
tions, it  will  squirt  out  of  the  tube. 

a liquid  is? 


119 


toys,  to  the  same  size.  Put  one  in 
a warm  place  in  the  classroom  and 

I the  other  over  a pan  of  ice.  Com- 
pare their  sizes  after  10  minutes. 

Ask  for  examples  the  children 
have  observed  of  expansion  and 
contraction  of  air.  Air  in  tires  ex- 
pands when  it  is  heated  in  the 
course  of  a long  day's  drive;  tires 

I I deflate  in  the  cool  of  the  night. 

Have  the  pupils  summarize  what 
they  have  learned  so  far  about 
expansion  of  solids  and  gases. 

Have  the  children  read  page  119 
and  set  up  the  activity. 

• How  is  the  water  like  the  solid 
stuff  and  the  air?  (It  expands 
when  heated.) 

Cool  the  water  and  have  the 
children  explain  why  the  water 
goes  down  in  the  tube.  Ask  for 
examples  of  expansion  of  other 
liquids. 

° What  happens  to  a full  tank  of 
gasoline  when  the  car  sits  in  the 
hot  sun?  (Gas  expands  and  over- 
flows.) 

Remind  the  children  of  their  work 
with  the  thermometer. 

| • Why  does  the  liquid  go  up  and 

down  in  the  thermometer?  (Heat 
I makes  the  liquid  expand  and 
take  up  more  room;  cold  makes 
it  contract  and  take  up  less 
room.) 


Other  liquids  can  be  used  to 
illustrate  expansion  and  contrac- 
tion. Milk  is  an  example  of  one 
liquid  that  heats  up  very  quickly 
and  will  expand  to  the  point  of 
boiling  over  on  the  hot  plate, 
unless  it  is  watched  carefully. 

Have  the  children  read  page  120 
and  freeze  a can  of  water.  Fill  the 
can  to  the  very  top.  Ask  the  pupils 
to  try  to  predict  what  will  happen. 
Take  the  can  out  at  the  beginning 
of  the  next  science  lesson  and 
note  the  expansion. 

Open  a can  of  frozen  juice  while 
it  is  still  frozen.  Have  the  children 
note  the  level  of  the  frozen  juice 
—it  is  usually  up  to  the  rim  of  the 
can.  As  the  frozen  juice  begins  to 
thaw,  it  contracts  a bit;  then  it 
begins  to  expand  as  it  heats  up. 
This  is  because  of  the  water  in  the 
juice;  water  is  an  interesting  ex- 
ception to  the  expansion-and- 
contraction  principle.  Water  that 
is  exactly  at  the  freezing  point  will 
contract  when  it  is  warmed  and 
only  begin  expanding  when  its 
temperature  reaches  39.2°F. 

Have  the  children  mark  the  freez- 
ing point  on  their  thermometers. 
Point  out  that  32°  is  the  freezing 
point  of  water. 

Why  doesn't  the  liquid  in  ther- 
mometers freeze?  Can  it  be 
water?  (Liquid  may  be  mercury, 
which  is  silvery  in  color,  or 


Most  things  get  smaller  when  they  are 
cooled.  But  water  is  different  when  it  turns  to 
ice.  You  can  find  out  what  happens  when  water 
turns  to  ice. 

Fill  a can  with  water. 

Do  this.  Wait  until  the  water  turns  to  ice. 


Look  at  the  can.  Does  the  ice  take  up 
less  room?  Does  the  ice  take  up  more  room? 

Sometimes  pipes  break  when  they  get  very 
cold.  Ice  breaks  them.  Do  you  know  why? 
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Put  some  very  hot  water  into  a pan.  Put 
a thermometer  into  the  water.  How  hot  is 
the  water? 

Put  the  pan  on  a cool  table.  Wait  ten 
minutes.  Look  at  the  thermometer  again. 
What  has  happened?  Where  did  the  heat  go? 

Lift  the  pan.  Feel  the  table  where  it  was. 
Some  of  the  heat  went  from  the  warm  pan  to 
the  cool  table.  Some  of 
the  heat  went  into  the 
air,  because  the  air  was 
cooler  than  the  pan. 

Heat  goes  from  warm 
things  to  cool  things. 

We  can  use  hot  things 
to  make  cold  things 
warmer.  Can  you  think 
of  some  ways? 

These  activities  illustrate  the  transfer 
of  heat  bv  conduction. 


colored  alcohol,  both  of  which 
have  lower  freezing  points  than 
water.) 

Other  examples  of  the  expansion 
of  water  when  it  freezes  can  be 
introduced:  water  in  the  radiator 
of  a car  will  freeze  and  crack  the 
radiator.  We  use  antifreeze  (ex- 
plain that  the  prefix  means 
“against"),  which  is  a liquid  that 
has  a very  low  freezing  point. 
Again  emphasize  the  generaliza- 
tion that  different  substances  heat 
up  and  cool  off  at  different  rates. 

Demonstrate  first  some  simple 
ways  we  can  obtain  heat  energy; 
friction  is  the  easiest  to  do  in  the 
classroom.  The  pupils  can  rub 
their  fists  over  the  desks,  use  sand- 
paper on  wood,  or  hammer  a nail. 
They  can  touch  the  warm  spot  and 
feel  the  warmth  go  away. 

What  happens  to  the  heat? 

There  are  three  ways  in  which 
heat  flows  from  hot  things  to 
cold:  by  conduction,  by  convec- 
tion, and  by  radiation.  In  the 
experiment  on  page  121,  heat 
travels  from  the  warm  pan  to  the 
table  by  conduction. 


The  molecules  in  the  cube  of  ice 
on  page  122  are  heated  as  they 
come  in  contact  with  the  warm 
water.  As  the  warmed  molecules 
begin  to  move  about  more  rapid- 
ly, the  ice  melts.  And  as  the  warm 
water  loses  its  heat  to  the  ice 
cube,  the  temperature  of  the 
water  goes  down.  Note  that  in  the 
transfer  of  heat  energy,  heat  goes 
from  warm  things  to  cool  things 
and  not  vice  versa.  If  we  plunge 
into  a cold  pool  on  a hot  day,  we 
are  not  transferring  cold  from  the 
water  to  our  bodies,  but  passing 
off  body  heat  to  the  cold  water.  If 
enough  warm  bodies  get  into  the 
pool,  the  water's  temperature 
will  rise  appreciably. 

The  experiment  with  the  spoon 
can  be  made  even  more  dramatic 
by  removing  the  metal  spoon  from 
the  heat  before  the  handle  heats 
up.  The  heat  from  the  bowl  of 
the  spoon  will  travel  from  the 
bowl  to  the  cooler  handle.  Eventu- 
ally, equilibrium  will  be  restored, 
and  the  spoon  will  feel  equally 
warm  to  the  touch  in  all  of  its 
parts. 

Repeat  the  activity  with  ice  water. 
Take  the  temperature  of  the  water 
first.  Heat  several  spoons  and  put 
them  in  the  water.  Observe  what 
happens  to  the  water  temperature 
as  heat  goes  from  the  hot  spoons 
to  the  cold  water. 


Put  some  ice  into  warm  water.  What 
happens  to  the  ice?  What  happens  to  the 
water?  Where  did  the  heat  of  the  water  go? 
How  can  you  tell? 


Put  a spoon  into 
water.  Hold  the 
What  do  you  feel? 

Put  the  spoon 
water.  Hold  the 
What  do  you  feel? 


some  hot 
spoon. 

into  ice 
spoon. 


Put  a stick  into  hot  water.  Does  it  get  as 
hot  as  the  spoon? 

Put  a stick  into  ice  water.  Does  it  get  as 
cold  as  the  spoon? 

Do  you  remember  what  happened  when 
you  put  a spoon  and  a stick  in  sunlight? 

122 


Fire  is  an  example  of  the  conversion  of  chemical  energy  to  heat.  In  the  burning  of 
wood  or  paper,  oxygen  combines  with  carbon  and  hydrogen  in  these  materials.  Since 
oxidation  takes  place  at  high  temperatures,  chemical  energy  is  rapidly  converted  to 

heat  and  light. 


Fire 


When  things  get  very  hot,  they  burn.  When 
things  burn  quickly,  you  can  sometimes 
see  a fire. 


Here  are  some  of  the  ways  we  use  fire. 
Can  you  think  of  other  ways? 


TEACHING  SUGGESTIONS 

(pp.  123-129) 

LESSON:  How  can  fire  be  used 
safely? 

Learnings  to  Be  Developed: 

Fire  needs  air  to  burn;  fanning  a 
fire  will  make  it  burn  faster,  while 
keeping  air  from  the  fire  will 
cause  it  to  go  out. 

Safety  rules  concerning  the  use  of 
fire  and  matches  should  be  ob- 
served carefully. 

Developing  the  Lesson:  Call  the  chil- 
dren's attention  to  the  fire  in  the 
fireplace  on  page  123. 

• Why  are  the  burning  logs  held 
above  the  floor?  (For  circulation 
of  air;  fire  needs  air  to  burn.) 

°Why  is  there  a fire  screen?  (To 
keep  sparks  from  flying  out  into 
the  room  and  causing  a fire.) 

Here  are  answers  to  the  question 
i at  the  bottom  of  page  123:  Gas, 

; oil,  or  wood  stoves  for  cooking; 
gas  or  oil  furnaces  or  space  heat- 
ers for  heating;  fireplaces,  mainly 
| for  the  pleasure  we  get  from  look- 
ing at  them;  commercial  uses  in 
! steel  mills  and  welding. 

Have  the  children  read  the  top  of 
page  124  and  then  carry  out  the 
activity.  After  the  glass  has  been 
placed  in  postion,  and  the  flame 
goes  out,  ask: 
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Why  did  the  candle  go  out? 

Let  the  children  hypothesize  and 
try  out  their  guesses,  if  possible. 
The  inverted  glass  and  water  keep 
air  from  entering  the  glass.  The 
burning  flame  uses  up  the  oxygen 
in  the  glass,  and,  since  fire  needs 
air  to  burn,  the  candle  goes  out. 

See  if  the  children  can  figure  out 
from  the  activity  on  page  124  that 
fire  needs  air  to  burn. 

Was  there  air  in  the  glass  to  start 
with?  (Yes.) 

But  we  kept  more  air  from  going 
in.  This  time , we'll  burn  two 
candles  under  two  glasses— a 
large  glass  and  a small  one. 
Which  do  you  think  will  burn 
longer,  and  why?  (Larger  one;  it 
has  more  air  to  support  com- 
bustion.) 

Children  in  second  grade  often 
need  help  in  separating  relevant 
from  irrelevant  factors.  Use 
candles  of  different  length  and 
jars  of  different  sizes.  Ask  the 
children  to  observe  and  predict 
whether  the  length  of  the  candle 
or  the  size  of  the  jar  makes  a 
difference  in  how  long  the  candle 
burns. 

Have  the  questions  at  the  bottom 
of  page  124  answered.  Discuss 
with  the  children  the  fascination 
of  fire  and  the  need  for  observing 
safety  rules.  Simply  telling  chil- 


Fire  needs  the  oxygen  from  air  to  burn.  Supplying  more  air  by  fanning  a fire  makes  the 
fire  burn  more  quickly.  Keeping  air  from  a fire  will  make  the  fire  go  out. 


What  Makes  Fire  Burn? 


In  one  class,  the  teacher  did  an  experiment 
to  find  out  what  makes  fire  burn. 

She  poured  some  water  around  a candle. 
Then  she  lit  the  candle.  Next,  she  put  a small 
glass  over  the  candle.  Can  you  tell  what 
happened?  What  do  the  glass  and  water  do? 
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Then  the  teacher  used  a big  glass.  Do  you 
think  the  candle  burned  longer?  Why? 

You  should  not  do  experiments  with  fire 
unless  the  teacher  or  another 
grownup  is  watching  you.  Do 
you  know  why? 

This  fire  will  burn  better  f 
now.  Why? 

This  fire  will  go  out.  Why? 


Being  Careful  with  Fire 

Fire  helps  us  in  many  ways.  But  fire  can 
be  dangerous,  too.  Can  you  tell  how? 

There  are  ways  of  being  careful  with  fire. 
How  would  you  be  careful  when  using  fire? 

A fire  at  a picnic  is  fun.  When  it  is  time  to 
go  home,  you  must  make  sure  the  fire  is  out. 
Then  it  will  not  set  fire  to  other  things. 


Would  sand  put  out  a 
picnic  fire?  Why? 
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dren  not  to  play  with  fire  will  not 
make  nearly  as  strong  an  impres- 
sion on  them  as  having  them  bring 
out  the  dangers  themselves. 

Fanning  the  fire  makes  it  burn 
better  because  it  feeds  more  air 
to  the  fire. 

The  blanket  keeps  air  from  the 
fire  and  thus  smothers  it. 

Have  the  children  look  at  the 
picture  on  page  125. 

Here  is  a family  on  a picnic.  Let's 
see  all  the  ways  they  are  being 
careful  about  fire. 

Read  the  text  on  page  125. 

Was  this  family  careful ? In  what 
ways ? (Fire  in  brick  fireplace,  not 
on  ground;  fire  kept  within  the 
fireplace— no  flaming  sticks 
being  moved  around;  children 
stand  back  from  the  fire;  flame  is 
kept  at  a reasonable  level— this  is 
not  a great  roaring  fire  giving  off 
many  sparks;  sand  is  handy.) 

Are  there  times  when  no  fires 
should  be  built  in  a park  or 
woods?  (In  times  of  drought, 
when  even  a spark  can  set  off  a 
forest  fire.) 

Have  the  children  tell  about 
Smoky  the  Bear  and  his  advice 
about  preventing  forest  fires. 

Have  the  children  state  reasons 
why  forest  fires  are  so  bad  (people 


Again,  science  learnings  can  contribute  to  safety  education. 


This  fire  helps  keep  the  yard  clean.  How 
is  the  fire  made  safe  to  use? 


killed  and  property  destroyed; 
animal  and  plant  life  of  the  forest 
destroyed). 

• How  does  water  help  to  put  out 
the  fire ? 

» How  does  sand  help  to  put  out 
the  fire?  (Emphasize  the  point 
that  fire  needs  air  to  burn.  Ac- 
tually, the  fire  needs  oxygen  in 
the  air,  but  this  concept  is  taught 
later.) 

Emphasize  strongly  the  necessity 
for  putting  out  a picnic  fire  or 
campfire  before  leaving  it. 

The  embers  of  a campfire  should 
be  moved  apart  so  that  water  or 
sand  can  reach  all  parts.  Some 
campers  think  they  have  put  out  a 
fire,  and  they  fail  to  check  to  be 
sure.  Sometimes  a strong  wind 
comes  along  and  fans  the  ashes. 
The  unburned  parts  of  the  wood 
start  to  burn  again. 

® What  may  happen  if  the  fire 
starts  to  burn  after  everyone  has 
gone  home?  (The  fire  may 
spread,  or  a spark  may  be  carried 
to  leaves  or  grass  and  start  to 
burn.  This  is  how  forest  fires 
sometimes  get  started.) 

• If  our  big  trees  are  burned  in  a 
forest  fire,  how  long  will  it  take 
new  ones  to  grow  big?  (More 
than  a hundred  years.) 
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Matches  help  build  a fire  when  you  need 
one.  What  kind  of  matches  are  best  to  use? 
Where  are  safe  places  to  keep  matches? 


Sometimes  you  need  to  use  things  that  get 
very  hot.  How  can  you  use  these  things  safely? 


Here  are  some  things  to  remember  about 
being  careful  with  fire. 

Do  not  play  with  matches  or  with  fire. 

Do  not  build  a fire  if  there  is  no  grownup 
to  watch  you. 


Use  page  126  for  further  rein- 
forcement of  fire  safety  rules.  Ex- 
plain that  the  fire  is  contained  in 
a wire  basket  that  will  not  burn; 
the  day  is  not  too  windy  (smoke 
is  going  fairly  straight  up);  there 
is  an  adult  present;  children  are 
not  playing  with  the  fire;  basket 
is  set  in  a place  away  from  flam- 
mable materials. 

° Should  the  family  go  away , now 
that  the  fire  is  nicely  under 
control ? (No;  all  fires  must  be 
watched  until  the  last  ember  is 
out.) 

0 How  long  will  the  fire  burn?  (As 
long  as  it  has  fuel  and  air.) 

• What  can  the  family  do,  if  they 
want  to  go  away  before  the  fire 
burns  out?  (Use  sand  to  keep  air 
from  the  flame;  use  water  to 
cool  the  papers  so  they  won't 
burn.) 

Socially  disadvantaged  children,  in 
particular,  need  help  in  using 
matches  and  electrical  appliances 
safely.  These  children  often  are 
responsible  for  household  tasks  in 
which  they  are  exposed  to  fire 
hazards;  however,  they  may  re- 
ceive little  or  no  instruction  from 
parents  on  fire  safety. 

Show  the  children  "safety" 
matches  and  regular  kitchen 
matches. 
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How  do  we  light  kitchen 
matches ? (They  light  easily  — a 
minimum  of  friction  is  neces- 
sary.) 

Demonstrate.  Show  safety 
matches.  Ask  how  they  can  be 
lighted.  The  head  of  these  matches 
must  be  struck  on  the  rough  edge 
of  the  match  case;  the  matches 
cannot  be  ignited  anywhere  else. 
In  that  sense,  safety  matches  are 
safer  than  kitchen  matches.  But 
safety  matches  can  go  up  in  a 
blaze  if  the  temperature  becomes 
high  enough.  Therefore,  like  kit- 
chen matches,  they  should  be 
stored  in  a metal  container  away 
from  the  stove  or  fireplace.  A 
match  should  be  struck  away  from 
the  person  lighting  it;  it  should  be 
deposited  in  a nonflammable  con- 
tainer after  it  is  blown  out,  or 
dipped  in  water  before  it  is  dis- 
carded. 

With  respect  to  the  use  of  appli- 
ances such  as  the  iron,  emphasize 
the  importance  of  never  letting  it 
lie  flat  on  the  cover  of  the  board. 
The  iron  should  always  be  stood 
on  its  heel,  and  should  be  put  in 
a safe  place— away  from  flamma- 
ble materials— to  cool  before  it  is 
stored. 

Have  the  children  read  the  text  on 
page  128  and  discuss  safety  meas- 
ures in  case  of  fire.  Bring  the  pic- 
tures into  the  discussion. 


Sometimes  people’s  clothes  catch  fire. 
When  this  happens,  the  best  thing  to  do  is  to 
roll  in  a blanket  or  rug.  Why  would  this  put 
out  the  fire? 
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Sometimes  a fire  starts  inside  the  house. 
Do  you  know  some  ways  this  could  happen? 
If  a fire  starts  in  your  house,  get  out  of  the 
house  as  fast  as  you  can!  Then  get  help.  Do 
you  know  how  to  get  help  if  there  is  a fire? 
Here  are  three  ways  to  get  help. 


Bring  out  the  point  that  a person 
should  never  run  when  his  clothes 
are  afire.  (Review:  Fire  needs  air 
to  burn.)  Discuss  the  reasons  for 
rolling  on  the  ground  or  in  a 
blanket. 


Fires  in  the  home  are  not  uncom- 
mon, and  some  children  are 
bound  to  meet  the  situation.  Be 
sure  they  are  prepared  for  it. 

Fire  continues  to  be  a major  haz- 
ard to  children,  as  statistics  on  the 
number  of  children  injured  or 
killed  by  fire  reveal.  Particularly 
vulnerable  are  the  children  who 
live  in  substandard  dwellings. 
Teachers  of  these  children  should 
conduct  a survey  to  find  out  how 
the  homes  of  these  children  are 
heated  (often  with  kerosene 
stoves)  and  should  direct  their 
teaching  to  the  specific  needs  of 
pupils. 

If  possible,  have  a fireman  demon- 
strate for  the  children  how  certain 
fuels  such  as  kerosene  are  very 
flammable.  The  modern  home  has 
many  flammable  materials  — hair 
spray,  nylons,  paint  remover,  etc. 
Teach  children  to  look  for  and  to 
read  the  labels  on  cans  so  they  can 
become  aware  of  flammable  ma- 
terials. With  small  samples  of 
material,  demonstrate  how  quickly 
nylon  or  other  synthetic  garments 
will  catch  on  fire;  emphasize  the 
need  for  extreme  caution. 


TEACHING  SUGGESTIONS 
(pp.  130-136) 


• lesson:  How  does  your  body 
stay  at  about  the  same  tempera- 
ture? 

Learnings  to  Be  Developed: 

The  body  makes  heat  by  burning 
food. 

Body  temperature  stays  about  the 
same  all  the  time  except  during 
sickness. 

Warm-blooded  animals  are  those 
whose  body  temperature  is  always 
about  the  same. 

Cold-blooded  animals  are  those 
whose  body  temperature  changes 
with  the  changes  in  the  tempera- 
ture of  the  animals'  surroundings. 

The  inside  temperature  of  our 
bodies  is  usually  between  98°  and 
99°  F.;  it  does  not  change  much 
except  in  illness. 

The  food  we  eat  produces  heat  in 
the  body. 

Our  bodies  are  warmed  by  the 
heat  from  our  muscles  when  we 
exercise. 

In  winter  we  prevent  our  bodies 
from  losing  heat  by  wearing  heavy 
clothing  and  by  heating  the  build- 
ings we  stay  in. 

In  summer  our  bodies  lose  heat 
when  we  perspire  and  the  per- 
spiration evaporates. 


What  Makes  Your  Body  Warm? 

Your  body  makes  heat  all  the  time.  It 
makes  heat  by  burning  food.  This  burning  is  a 
slow  kind  of  burning.  There  is  no  fire. 

When  someone  takes  your  temperature,  he 
is  measuring  how  warm  your  body  is.  If  your 
body  temperature  is  more  than  100  degrees, 
you  have  a fever.  Did  you  ever  have  a 
fever?  How  did  you  feel? 


If  your  body  temperature  is  less  than  98 
degrees,  you  may  feel  sick,  too.  You  may  feel 
cold.  You  may  not  feel  like  doing  anything. 

Your  temperature  stays  about  the  same  all 
the  time  when  you  are  well.  If  your 
temperature  changes  only  a few  degrees,  you 
may  feel  sick. 
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Warm-blooded  animals  can  survive  with  body  temperatures  in  the  80°-110°  F.  range. 
Lower  body  temperatures  have  been  produced  under  laboratory  conditions. 


Some  animals  have  temperatures  that  stay 
about  the  same.  These  animals  are  called 
warm-blooded  animals.  Here  are  some 
warm-blooded  animals.  Can  you  name  them? 
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Developing  the  Lesson:  Have  the  chil- 
j dren  do  an  activity  to  show  that 
things  lose  heat  more  slowly  when 
there  is  less  surface  exposed  to 
the  air.  Put  the  same  amount  of 
hot  water  in  a mixing  bowl  and  in 

I'1  a thin  jar.  Insert  a thermometer  in 
each. 

‘ Which  loses  heat  more  quickly ? 
Have  the  children  read  page  131. 

We've  talked  about  ways  in 
which  our  bodies  keep  their  tem- 
perature about  the  same.  What 
happens  when  we  get  too  hot? 
(We  perspire.) 

What  happens  when  we  get  too 
cold?  (We  shiver  and  get  goose 
bumps.) 

We  don't  have  to  tell  our  bodies 
| to  perspire  or  shiver.  These  things 
happen  without  our  even  thinking 
about  them.  They  are  automatic. 

We  can  help  our  bodies  stay 
about  the  same  temperature. 
What  are  some  ways?  (Wearing 
proper  clothing;  heating  and 
cooling  our  homes.) 

But  what  of  the  animals  on  page 
131?  Lets  look  at  the  rabbit  first. 
Do  you  see  rabbits  in  the  winter? 
How  are  they  protected?  (Fur 
grows  longer  and  thicker  in  win- 
ter. Fur  is  a good  insulator;  it 
keeps  body  heat  in.  Rabbits  seek 
shelter  in  dense  shrubbery  and 
unused  buildings.) 


The  body  temperature  of  most  animals  varies  with  that  of  the  surrounding  medium. 


The  red  bird  pictured  here  is  a 
cardinal.  This  bird  doesn't  fly 
south  in  the  winter.  We  see  it 
even  on  the  coldest  days.  How 
does  it  keep  up  its  body  temper- 
ature in  the  winter?  (Feathers 
help  to  insulate  it.) 

Where  does  the  penguin  live?  (In 
the  Antarctic.  Show  the  children 
on  a map  or  globe.) 

The  polar  bear's  thick  fur  and  layer 
of  fat  help  to  protect  it  against 
cold.  However,  the  polar  bear  can- 
not stand  too  much  heat.  When 
brought  to  a zoo,  it  must  be  pro- 
tected against  overheating. 

You  could  demonstrate  that  there 
is  some  variability  in  tempera- 
tures, even  in  healthy  individuals. 
Use  several  mouth  thermometers 
that  have  been  standing  in  alco- 
hol. (Explain  that  this  is  done  for 
cleanliness.)  Take  the  tempera- 
tures of  as  many  children  as  you 
have  thermometers.  Record  each 
reading.  Take  their  temperatures 
again  after  recess;  record  again 
and  compare. 

Have  the  children  read  page  132 
orally  and  name  the  animals.  See 
if  the  pupils  understand  the  con- 
cept that  the  body  temperatures 
of  these  animals  change  with  the 
temperatures  of  their  environ- 
ments. 


Some  animals  have  temperatures  that  keep 
changing.  When  the  air  or  the  water  is  cold, 
their  temperature  goes  down.  When  the  air  or 
the  water  is  warm,  their  temperature  goes  up. 
These  animals  are  called  cold-blooded 
animals.  Here  are  some  cold-blooded  animals. 
Can  you  name  them? 
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Different  parts  of  the  body  vary  in  temperature.  The  skin  may  be  at  a temperature  as 
much  as  27°  F.  lower  than  that  of  the  interior  of  the  body. 

How  the  Body  Loses  Heat 

Look  at  the  thermometer  in  the  room.  What 
is  the  temperature  of  the  air?  What  is  your 
body  temperature?  You  know  that  heat  goes 
to  cooler  things.  Where  will  some  of  the  heat 
from  your  body  go? 


Sometimes  the  air  around  you  is  very  cold. 
Then  heat  goes  from  your  body  to  the  air  too 
fast.  How  will  you  feel? 

Sometimes  you  go  into  cold  water.  What 
happens  when  you  stay  in  the  cold  water? 


There  are  fish  that  live  in  water 
under  the  ice  near  the  North 
Pole.  What  would  you  expect  to 
be  true  of  their  body  tempera- 
tures? (Low.) 

In  the  summer,  waters  of  the 
lakes  heat  up.  What  would  then 
be  true  of  the  body  temperatures 
of  the  fish?  (Higher  tempera- 
tures.) 

And  what  do  we  call  animals 
whose  body  temperatures 
change  with  the  outside  temper- 
ature? (Cold  blooded.) 

Explain  that  with  low  temperature, 
cold-blooded  animals  become 
sluggish.  They  eat  less,  breathe 
less  rapidly,  and  move  about  less. 

Before  oral  reading  of  page  133, 
have  the  air  temperature  read  from 
the  wall  thermometer.  It  will  prob- 
ably be  about  72°  F.  Record  the 
temperature  on  the  chalkboard. 
Take  the  temperature  of  one  of 
the  pupils  and  record  it  also.  Then 
have  a pupil  read  the  first  para- 
graph on  page  133,  and  have  him 
answer  the  questions.  Discuss 
them  in  terms  of  heat  transfer  from 
a warm  body  (98°  F.)  to  cooler  air. 

Why  doesn't  the  body  tempera- 
ture drop?  (Food  is  being  burned 
to  keep  up  the  body  tempera- 
ture.) 

How  could  we  show  that  our 
bodies  are  giving  off  heat  to  the 


air  in  the  room ? (See  if  the  room 
becomes  cooler  when  children 
are  outdoors  during  recess.  Take 
room  temperature  before  and  af- 
ter recess.) 

5 If  we  went  swimming  in  water 
that  was  60°,  would  our  body 
temperatures  go  that  low? 
(Warm-blooded  living  things 
have  temperature  regulators  that 
go  to  work  to  maintain  body 
temperature  at  a normal  level. 
There  are  limits,  however.  Man 
does  things  to  maintain  temper- 
ature control.  Emphasize  that  a 
person's  resistance  to  germs  is 
lowered  when  his  body  loses 
heat  too  fast.) 

The  activity  on  page  134  is  de- 
signed to  help  children  acquire 
the  concept  that  evaporation  is  a 
cooling  process.  Have  the  children 
read  and  carry  out  the  directions 
for  the  activity.  The  thermometer 
under  the  dry  cloth  should  stay 
about  the  same,  while  that  under 
the  wet  cloth  will  go  down  a bit. 
Record  the  temperatures  before 
and  after  applying  the  cloths. 

0 If  we  left  the  wet  cloth  in  the  air 
long  enough,  what  would  hap- 
pen to  the  water  in  the  cloth? 
(It  would  evaporate  into  the  air.) 


Sometimes  your  clothes  get  wet.  You  feel 


cold.  You  can  find  out  why. 

Get  two  small  pieces  of  cloth  and  two 
thermometers. 

Wet  one  piece  of  cloth.  Put  the  wet  cloth 
on  one  thermometer.  Put  the  dry  cloth  on  the 
other  thermometer. 

Fan  both  thermometers.  Watch  them. 
Which  cloth  loses  heat  faster?  MZd 
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Temperature  of  the  body  depends  on  the  difference  between 
amount  of  heat  produced  and  the  amount  lost. 

Here  are  some  things  you  can 
do  when  you  feel  cold. 


This  will  help  you  keep 
warm.  Your  body  uses  food 
faster  when  you  run  and 
play.  Your  body  makes 
more  heat.  You  will  feel 
warmer. 


But  note  that  after  exercise,  the  body  can  lose  Q&yfi 
greater  amodnt  of  heat  as  more  blood  flows ^ ■ 
through  dilated  blood  vessels  at  the  surface  of 
the  skin. 


This  will  help  you  to 
keep  warm.  The  heater 


is  warmer  than  your  body. 
Where  will  some  of  the 


heat  from  the  heater  go? 


Clothing  does  not  produce  heat,  but  helps  to 
conserve  the  heat  the  body  produces. 


If  you  put  on  more 
clothes,  your  body  will 
not  lose  heat  so  fast.  You 
will  feel  warmer. 
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• When  we  fanned  the  wet  cloth, 
what  did  this  do  to  the  water  on 
the  cloth ? (Evaporated  faster.) 

• Was  there  any  evaporation  from 
the  dry  cloth ? (No;  there  was  no 
water  to  evaporate.) 

c'  Which  cloth  cooled  off?  (The 
wet  one.) 

Then  what  does  evaporation  do? 
(It  cools  things  off.) 

Now  let's  see  if  the  same  thing 
happens  to  our  bodies.  How 
many  have  gone  swimming  in 
the  summertime? 

• Which  is  warmer,  the  air  or  the 
water?  (Usually  the  air.) 

But  when  you  come  out  of  the 
cool  water  into  the  warm  air,  do 
you  feel  hot  or  cold?  Why? 
(When  water  evaporates  from 
the  skin,  the  skin  is  cooled.) 

c Suppose  we  get  wet  on  a rainy 
day.  What  happens  to  the  water 
on  our  clothing  and  skin?  (It 
evaporates.) 

• And  as  it  evaporates,  how  do  we 
feel?  (Chilly.) 

• Why  is  it  easier  to  catch  cold 
when  we  are  chilled?  (The  body 
is  working  extra  hard  to  maintain 
its  temperature;  defenses  against 
disease  germs  are  lowered.) 

The  children  have  been  reading 
about  how  the  body  loses  heat. 


Now  they  will  consider  the  oppo- 
site process:  ways  to  prevent  heat 
loss  from  the  body. 

What  way  to  keep  warm  is  told 
about  on  this  page ? (Exercise.) 

Why  does  exercise  make  you 
warmer?  (More  food  is  burned 
in  the  body.  Remind  the  children 
of  the  increase  in  appetites  after 
outdoor  play.) 

But  suppose  we  aren't  cold.  Sup- 
pose we  feel  just  right.  Exercise 
warms  the  body.  Is  it  better  not 
to  exercise  except  when  we're 
cold?  Does  exercise  do  us  any 
good?  (Exercise  is  essential  to 
physical  fitness.) 

Look  at  the  second  picture  on 
page  135.  Some  of  the  heat  from 
the  heater  will  warm  the  air.  Some 
of  the  heat  will  warm  the  dog. 
Ask  how  the  heater  (the  one  pic- 
tured is  an  electric  heater)  works. 
The  children  may  have  observed 
that  in  such  a heater,  wires  get  red 
hot  and  heat  the  air  around  them. 
Then  a fan  pushes  out  the  warmed 
air.  The  shiny  surface  behind  the 
wires  reflects  heat  to  the  room. 

Have  children  read  last  paragraph. 
Emphasize  that  clothing  keeps 
body  heat  in,  not  cold  out.  Have 
children  blow  on  their  fingers.  Air 
from  inside  their  bodies  is  warm. 
If  we  can  keep  the  body  from  los- 
ing the  heat  it  makes,  we  can  stay 
warm  in  cold  weather. 


You  do  not  need  heavy  clothes  when  you 
are  running  and  playing.  After  you  stop 
playing,  your  body  may  lose  heat  fast.  Your 
body  also  loses  heat  fast  when  you  are 
sweating.  Then  you  need  to  put  on  more 
clothes.  The  clothes  will  keep  your  body  from 
losing  heat  too  fast. 


See  notes  on  the  preceding  page. 

How  do  you  feel  when  your 
body  loses  heat  too  fast?  If  this 
happens,  you  may  get  sick.  Do 
you  know  why? 


Some  materials  are  woven  of  threads  with  air  spaces;  air  is  a poor  conductor  of  heat, 
and  body  heat  does  not  escape  so  readily  from  clothes  made  of  these  materials. 


Kinds  of  Clothes 


Clothes  help  you  keep  warm.  You  can 
find  out  what  kinds  of  clothes  help  most. 

Get  three  glasses  and  three  different  kinds 
of  cloth.  Make  sure  the  cloths  are  all  the  same 
size.  Wrap  a different  kind  of  cloth  around 
each  glass  and  tie  it  with  a string. 


Put  hot  water  into  each  glass.  Make 
sure  the  temperature  of  the  water  is  the 
same  in  all  three  glasses.  Use  a thermometer 
to  measure  the  temperature. 


TEACHING  SUGGESTIONS 

(pp.  137-140) 

• LESSON:  What  are  ways  to  keep 
warm  or  cool? 

Learnings  to  Be  Developed: 

Clothing  keeps  us  warm  because 
it  slows  down  heat  loss  from  the 
body. 

Clothing  made  of  materials  with 
plenty  of  air  spaces  is  warmer  than 
other  kinds. 

Because  air  is  a poor  conductor 
of  heat,  loss  of  body  heat  is  slowed 
down  when  air  is  trapped  in  cloth- 
ing. 

Developing  the  Lesson:  Use  the  ex- 
periments on  these  three  pages 
not  only  to  demonstrate  that  some 
materials  let  heat  escape  faster  and 
that  some  colors  reflect  heat  rays 
more  than  others,  but  also  to  help 
children  separate  out  the  factors 
or  variables  that  must  be  consid- 
ered. Have  the  children  read  page 
137  orally. 


What  kinds  of  materials  are 
clothes  made  of?  (Wool,  cotton, 
silk,  nylon,  etc.) 

Have  samples  for  the  children  to 
see  and  feel. 

* Which  is  warmer?  Let's  see  if  we 
can  find  out  by  experimenting. 
We'll  pretend  the  three  glasses 
of  water  are  three  children 
wrapped  up  in  clothing  made  of 


different  materials.  Let's  make 
two  columns  on  the  board: 
"What  We'll  Keep  the  Same" 
and  "What  Will  be  Different." 

• What  shall  we  put  in  the  first 
column ? 

• What  things  will  be  the  same ? 
(Same  amount  of  water,  identical 
containers,  water  at  the  same 
temperature,  jars  put  in  the  same 
place,  same  number  of  layers  of 
cloth  around  each  jar.) 

• How  will  we  know  which  kind 
of  cloth  keeps  the  water  from 
losing  heat?  (Read  the  thermom- 
eter.) 


Discuss  why  it  is  necessary  for 
each  item  in  the  first  column  to 
be  the  same. 


• Suppose  we  had  one  glass  that 
was  very  wide,  and  one  that  was 
narrow?  Could  we  say  then  that 
it  was  the  kind  of  cloth  that  kept 
the  heat  in? 


If  we  had  five  layers  on  one  glass 
and  only  one  on  another,  could 
we  say  that  it  was  the  kind  of 
cloth  that  kept  the  heat  in? 
(Continue  with  other  factors  in 
column  1.) 


Write  on  the  chalkboard  a time- 
and-temperature  chart  like  the 
one  pictured  on  page  138.  Record 
the  temperature  of  the  water  in 
each  glass  at  the  suggested  time 
intervals. 


Cover  the  glasses. 

Wait  five  minutes.  Measure  the  water’s 
temperature  again.  Then  wait  ten  minutes. 
Measure  the  temperature  in  the  glasses  again. 
Now  wait  fifteen  minutes.  Again  measure  the 
temperature  of  the  water. 

You  can  make  a chart  like  this  to  show 
what  you  find  out. 

Which  cloth  helped  keep  the  water 
warmest?  Clothing  made  from  this  cloth  helps 
you  keep  warm.  Your  body  will  not  lose  heat 
so  fast. 


The  concept  of  a change  in  one  variable  as  a function  of  a change  in  another  is  visual- 
ized concretelv  as  children  comolete  the  chart. 


Dark-colored  objects  absorb  more  heat  than  light-colored  objects. 


Does  the  color  of  clothes  make  a difference? 
You  can  find  out. 

Get  a piece  of  black  cloth  and  a piece  of 
white  cloth.  Both  pieces  should  be  the  same 
kind  of  cloth.  Why? 

Put  each  piece  of  cloth  on  a thermometer. 
Put  the  thermometers  in  the  sun.  In  a little 
while  look  at  the  thermometers.  Did  anything 
happen? 


Which  cloth  would  make  you  feel  warmer? 
Which  cloth  would  make  you  feel  cooler? 

139 


While  the  children  are  waiting  for 
changes  to  occur,  continue  the 
class  discussion.  Call  attention  to 
the  fact  that  another  factor  can  be 
added  to  column  1. 

• Something  else  must  be  kept  the 
same  for  all  three  glasses,  besides 
the  things  we've  listed  in  column 
1.  What  is  it?  (Length  of  time 
jar  is  wrapped  up.) 

Have  the  children  examine  each 
of  the  pieces  of  material  under  a 
hand  lens.  Call  attention  to  the 
spaces  in  wool  where  air  can  be 
trapped. 

° What  will  the  air  do?  (Slow  down 
the  loss  of  heat  from  the  jar.) 

Children  need  to  be  reminded  of 
the  fact  that  air  is  a real  substance 
and  that  it  takes  up  space,  a con- 
cept taught  in  Science  for  Tomor- 
row's World,  Book  1,  page  7. 

• What  can  we  say  about  the  kind 
of  material  used  in  clothing? 
Would  all  the  materials  tested 
keep  us  equally  warm? 

° Which  would  keep  us  the  warm- 
est? Why? 

Use  page  139  also  to  teach  chil- 
dren to  decide  which  factors  must 
be  considered  separately  in  an- 
swering the  question  of  whether 
or  not  the  color  of  clothing  makes 
a difference  in  how  hot  we  feel. 
Again  put  two  columns  on  the 
board:  Things  We'll  Keep  the 


Same  and  What  Will  Be  Different. 
Have  the  children  list  the  things 
that  will  be  the  same  (kind  of 
cloth;  number  of  layers;  exposure 
to  the  sun;  length  of  time).  Again, 
discuss  why  each  factor  must  be 
kept  the  same.  Emphasize  that 
only  one  thing  can  be  different, 
or  we  won't  be  able  to  find  out 
the  answer  to  our  question.  Here, 
it  is  about  the  effect  of  the  color 
of  cloth. 

Light  from  the  sun  is  bounced  off 
of  light-colored  materials  while  it 
is  absorbed  by  dark  ones.  Take 
two  aluminum  foil  pans  and  paint 
the  inside  of  one  black.  Expose 
both  to  the  sun  for  a few  minutes 
and  feel  the  difference  in  temper- 
ature. 

If  possible,  show  pictures  of 
people  at  the  seaside  or  in  a warm 
climate. 

What  color  clothing  do  they 
wear ? 

Why  do  they  wear  light  clothing 
rather  than  dark ? (Light  clothing 
will  be  cooler  because  it  does 
not  absorb  as  much  heat  from 
the  sun's  rays.) 


Keeping  Cool 

Sometimes  the  air  around  you  is  very  warm. 
Your  body  does  not  lose  heat  fast  enough.  How 
do  you  feel  then? 

There  are  things  you  can  do  to  feel  cooler. 


By  staying  in  the 

Why  will  you  feel 

prevents  the  flow  of 

cooler  here? 


Moving  aii^peeds  up  the  rate  pf  evaporation 

How  does  this  help 
you  feel  cooler? 


body. 


Who  do  you  think  : 


of  perspiration. 


feels  cooler?  Why? 


Who  do  you  think 
feels  cooler?  Why? 


When  it  is  cold,  you  can  put  on  more 
clothes  to  keep  warm.  What  can  a dog  do? 
What  can  a cat  do? 

Some  animals  go  to  warm  places  in  the 
winter. 

Some  animals  stay  in  their  homes  all 
winter.  They  keep  warm  there.  They  come  out 
when  it  is  warm  again,  in  the  spring. 

The  fur  of  some  animals  gets  thicker  and 
longer  when  the  days  get  cold.  These  animals 
lose  their  heavy  fur  in  the  spring. 


TEACHING  SUGGESTIONS 

(pp.  141-142) 

LESSON:  How  do  animals  keep 
warm  and  cool? 

Learnings  to  Be  Developed: 

Animals,  like  human  beings,  must 
protect  themselves  against  exces- 
sive heat  and  cold. 

Migration  and  hibernation  are  two 
ways  animals  adapt  to  the  cold. 

Growing  a thicker  fur  is  another 
example  of  adaptation. 

Developing  the  Lesson: 

So  far,  weVe  talked  mostly  about 
people  and  how  we  keep  warm 
or  cool  enough.  Now  let's  see 
what  animals  do.  Look  at  the 
pictures  on  this  page  and  the 
next.  We  talked  earlier  about 
two  large  groups  of  animals, 
cold-blooded  and  warm-blooded 
animals.  To  which  group  do 
these  animals  belong ? 

Have  the  children  refer  back  to 
page  131  of  the  text  if  they  have 
forgotten  the  term  “warm- 
blooded." Have  someone  define 
the  term. 

Let's  see  how  warm-blooded 
animals  keep  warm.  (Read  page 
141  aloud. 

Ask  the  children  for  examples  of 
animals  that  go  to  warm  places 
in  the  winter  (birds). 


Pupils  can  note  similarities  between  cooling  procedures  pictured  here  and  those  that 
human  beings  employ. 


How  Animals  Keep  Cool 


• How  do  birds  know  when  to  fly 
south ? (Perhaps  changes  in 
amount  of  light  from  the  sun,  or 
shorter  days  and  longer  nights.) 

Tell  the  children  that  when  ani- 
mals stay  in  their  homes  all  winter, 
we  say  they  "hibernate.'' 

• Which  animals  hibernate ? (Bears, 
badger,  skunks.) 

Explain  that  animals  store  fat  on 
their  bodies  so  that  they  can  live 
in  hibernation  without  food.  Their 
hearts  beat  very  slowly,  and  they 
breathe  very  slowly.  Their  body 
temperatures  fall.  They  can  get 
along  on  the  fat  they  have  stored 
because  they  are  not  burning  up 
so  much  food  in  living. 

Fur-bearing  animals  in  cold  cli- 
mates grow  thicker  coats  of  fur 
as  the  days  get  shorter. 

In  the  picture  at  the  top  of  page 
142,  the  animals  are  seeking  out 
a shady  place  to  eat  and  rest. 

Where  does  your  dog  or  cat  like 
to  lie  when  the  weather  is  hot? 
Is  it  cooler  there? 

The  picture  at  the  bottom  of  page 
142  shows  another  way  animals 
keep  cool.  When  there  is  water 
available,  animals  will  submerge 
themselves,  or  blow  water  over 
their  bodies  as  the  elephant  does; 
their  bodies  are  cooled  as  the 
water  evaporates. 


Animals  need  ways  of  keeping  cool,  too. 
What  are  these  animals  doing? 


Tell  the  Word 


C D-B D 

ANIMALS 


W__M-B „D 

ANIMALS 


! 


143 


The  key  concept  on  pages  141  and 
142  is  adaptation.  Discuss  animals 
familiar  to  the  children  in  terms 
of  how  each  animal  is  fit  for  sur- 
vival because  of  where  it  lives, 
how  it  lives,  its  body  parts,  and 
how  they  are  put  together.  For 
keeping  warm,  the  robin  has 
feathers,  can  exercise,  eats  often 
and  much,  and  migrates.  A horse 
perspires  over  its  whole  body  and 
so  loses  heat.  The  "pink"  ears  of 
the  rabbit  are  due  to  fine  blood 
vessels  in  the  skin  of  the  ears, 
which  dilate  in  hot  weather 
(liquids  expand  when  heated)  so 
that  more  blood  is  closer  to  the 
air  and  can  be  cooled.  See  Science 
for  Tomorrow's  World , Book  6, 
"How  Animals  Behave ,"  for  addi- 
tional examples,  particularly  of 
how  structure  and  function  are 
related. 

TEACHING  SUGGESTIONS 
(pp.  143-145) 

Background:  For  this  page,  be  sure 
to  have  the  children  write  the  an- 
swers in  their  notebooks. 

Cold-blooded 

Warm-blooded 

Fever 

Temperature 

Degrees 

Review  the  meaning  of  and  signi- 
ficant learnings  connected  with 
each  word. 


What  Do  You  Know? 


Use  pages  144  and  145  for  review. 
The  answers  to  the  questions  are 
as  follows: 

The  sun  warms  the  earth. 


We  use  a thermometer  to  measure 
how  warm  something  is,  in  de- 
grees. 


Almost  70°. 


Heat  goes  from  hot  things  to  cold 
things. 


Most  things  get  bigger  when  they 
are  heated. 


How  does  the  earth  get 
warm? 


How  can  we  measure  how 
warm  something  is? 


What  temperature  does 
this  thermometer  show? 


Why  can  we  use  hot  things 
to  make  cold  things  warmer? 


What  happens  to  most 
things  when  they  are  heated? 


Most  things  get  smaller  when  they 
are  cooled. 


What  happens  to  most 
things  when  they  are  cooled? 


What  makes  your  body 
warm? 

Why  doesn’t  your  body  get 
too  warm? 

How  does  a person  feel  if 
his  temperature  goes  up? 


Food  burning  in  the  body  makes 
the  body  warm. 

The  body  loses  heat  when  you 
perspire. 


How  does  a person  feel  if 
his  temperature  goes  down? 

How  can  you  get  warm 
when  you  feel  cold? 


Which  coat  will  keep  you 
warmer? 


How  can  you  keep  cool  on  a 
hot  day? 

How  do  animals  keep 
warm? 

How  do  animals  keep  cool? 


Too  hot. 

Too  cold. 

You  can  warm  up  by  exercising, 
by  sitting  near  something  hot,  or 
by  putting  on  extra  clothing. 


You  can  keep  cool  on  a hot  day 
by  not  exercising,  by  staying  in 
the  shade,  and  by  wearing  light- 
colored  clothing. 

A wool  coat  is  warmer  than  a cot- 
ton one  made  the  same  way. 


Animals  keep  warm  by  going  to 
warm  places,  by  hibernating,  and 
by  growing  thicker  fur. 

Animals  keep  cool  by  going  to 
cool  places,  by  staying  out  of  the 
sun,  and  by  losing  body  heat 
through  evaporation. 


Not  only  does  man  search  tor  laws  to  explain  happenings  in  the  natural  environmenr; 
he  also  tries  to  find  laws  to  explain  human  behavior  and,  in  particular,  to  find  cause- 
and-effect  relationships. 


KEY  CONCEPTS 

Key  Concept  i.  Events  in  the  nat- 
ural environment  happen  in  an 
orderly  rather  than  a haphazard 
way;  man  searches  for  laws  to  ex- 
plain this  order  by  observing,  hy- 
pothesizing, checking  his  ideas, 
and  rejecting  those  which  do  not 
square  with  reality. 

Key  Concept  2.  Lawful  change  is 
characteristic  of  events  in  the  nat- 
ural environment;  although  living 
things  tend  to  produce  living 
things  like  themselves,  over  mil- 
lions of  years  the  earth  and  living 
things  on  the  earth  have  changed, 
and  diversified  forms  of  life  have 
evolved. 

Key  Concept  7.  When  equilibrium 
is  upset  in  organism-environment 
interactions,  regulatory  mechan- 
isms go  to  work  to  restore  equi- 
librium. 

CONCEPTS: 

1.  Fear  is  a natural  feeling  shared 
by  everyone. 

2.  Different  people  fear  different 
things.  Some  things  are  dangerous 
and  should  be  dealt  with  cau- 
tiously. 

3.  Sometimes  we  fear  things  that 
we  do  not  understand. 

4.  Sometimes  people  are  afraid 
of  what  other  people  will  think 
about  them. 


One  of  the  characteristics  of  living  things  is  irritability— the 
capacity  to  be  stimulated  and  to  respond  to  stimulation. 
Even  more  basic  is  the  need  for  stimulation,  a need  so  per- 
vasive in  some  animals  that  even  a noxious  stimulus  is 
better  than  no  stimulation  at  all. 
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Other  concepts  appear  under  the  ‘‘Learnings  to  Be  Developed' 
section  in  each  lesson  found  in  the  Teaching  Suggestions. 

FINDING  OUT  ABOUT 

Feelings 


Look  at  the  faces  of  the  boys 
and  girls.  Do  some  seem  happy? 
Do  some  of  them  seem  scared? 
Sometimes  you  feel  happy,  and 
sometimes  you  feel  scared.  What 
other  ways  do  you  feel?  You  will 
read  about  the  ways  people  feel. 


5.  Everybody  gets  angry  some- 
times. 

6.  People  get  angry  for  various 
reasons. 

7.  It  is  difficult  for  some  people 
to  learn  that  losing  is  a part  of 
the  game. 

PROCESSES: 

• Observing — Pages  151, 152, 153, 

154,  156,  157,  158. 

° Comparing— 154,  156,  157,  158. 
° Inferring— 151,  152,  153,  156, 

157,  158. 

° Classifying — 151. 

• Selecting— 148,  149,  151,  154, 

155,  161,  164,  165,  166. 

• Explaining— 152,  153,  156,  157, 

158,  159,  160,  162,  163. 


147 


,pp.  146—147) 

LESSON:  How  can  you  find  out 
about  feelings? 

Developing  the  Lesson:  Call  the  chil- 
dren's attention  to  the  illustration 
on  pages  146  and  147. 

. Where  do  you  think  the  picture 
was  taken?  (At  an  amusement 
park.) 

What  are  the  children  doing? 
(They  are  on  one  of  the  rides.) 

. Do  the  children  in  the  picture 
seem  to  like  the  ride? 

o Do  some  of  the  children  seem  a 
little  bit  scared? 

e How  do  you  feel  when  you  go 
on  rides  like  this  one?  (A  bit 
scared,  perhaps.) 

, Why  do  we  do  things  that  we 
know  will  make  us  a bit  scared? 

, Is  it  being  scared  or  just  a bit  of 
excitement  that  we  want? 

, Imagine  that  you  are  lying  in  the 
lower  part  of  a two-decker  bed. 
You  can't  get  out  of  bed.  There 
are  sheets  hanging  around  the 
bed  so  you  can't  see  out.  The 
room  is  soundproof.  What  mes- 
sages could  your  senses  bring 
you? 

What  could  you  see?  Hear?  Feel? 


Fear,  one  of  the  most  common  of  emotions,  can  have  survival  value;  children  ought  to 
have  a realistic  caution  with  respect  to  certain  dangers. 

Being  Afraid 

Everybody  is  afraid  sometimes.  People  are 
afraid  of  different  things. 

Sometimes  people  are  afraid  of  things  that 
are  really  dangerous. 

Sometimes  people  are  afraid  of  things  that 
will  not  hurt  them. 

Are  you  afraid  of  lightning  storms?  A 
lightning  storm  can  be  dangerous.  There 
are  ways  to  be  safe  in  a storm.  Here  are 
some  of  the  ways. 

Do  not  stand  under  trees  when  there  is  a 
storm. 

Do  not  go  swimming  when  there  is  a storm. 

Stay  away  from  the  windows  if  you  are 
inside  the  house. 


Are  you  afraid  of  water?  There  are  ways 
to  be  safe  in  the  water. 

One  thing  you  can  do  is  to  learn  how  to 
swim.  Here  are  some  things  to  remember. 

Do  not  go  into  water  that  is  over  your 
head. 

Never  go  into  the  water  if  there  is  no 
grownup  nearby. 


The  children  might  be  interested 
to  know  that  college  students  in 
one  experiment  were  paid  to  live 
in  the  fashion  described  above, 
but  they  couldn't  stand  it  for  more 
than  a few  days.  One  of  the  char- 
acteristics of  living  things  is  the 
need  for  stimulation.  Children  can 
understand  this  in  terms  of  their 
not  wanting  things  to  be  always 
the  same. 


TEACHING  SUGGESTIONS 
(pp. 148-152) 

: LESSON:  Why  are  you  sometimes 
afraid? 

Learnings  to  Be  Developed: 

Fear  is  one  of  the  most  common 
emotions;  it  can  have  survival 
value. 

We  learn  fears;  we  are  not  born 
with  them. 

Some  fears  have  no  rational  basis; 
they  may  be  induced  by  certain 
stimuli  we  learned  to  fear. 

Strong  feelings  are  accompanied 
by  actual  physiological  changes  in 
the  body. 

Fear,  like  other  emotions,  raises 
the  level  of  tension  in  the  system; 
a moderate  amount  improves  our 
chances  of  doing  successfully 
what  we  want,  but  with  too  high 


a level,  an  individual  may  "freeze" 
or  "blow  up." 

• What  are  some  of  the  things  that 
make  children  scared? 

Let  the  children  be  quite  specific 
in  telling  about  their  experiences 
of  being  afraid.  Things  that  are 
talked  about  are  not  so  scary  next 
time. 

• Let's  see  how  a lightning  storm 
might  be  dangerous.  Why  is 
standing  under  a tree  dangerous 
during  a lightning  storm?  (Light- 
ning travels  the  shortest  path  be- 
tween clouds  and  earth.  It  strikes 
high  things  more  often  than  low 
things.  The  height  of  the  tree 
might,  therefore,  attract  light- 
ning and  the  tree  might  be 
struck.  A person  underneath 
would  be  injured.) 

• Why  is  swimming  a bad  thing  to 
do  in  a lightning  storm?  (In  the 
flat  surface  of  the  water,  a per- 
son swimming  might  be  the 
highest  object.  Also,  water  con- 
ducts electricity  well.) 

To  help  strengthen  the  concept  of 
lightning,  rub  a balloon  with  a 
piece  of  woolen  cloth,  in  the 
dark.  Have  someone  hold  his  fin- 
ger near  the  balloon.  You  will  see 
a spark.  Electricity  jumps  through 
the  air  like  a flash  of  lightning. 

Pulling  a hard  rubber  comb 
through  the  hair  will  also  produce 
static  electricity. 


onuuren  rieeu  iu  uisuriyuisn  ueiweeri  /ears  wrnun  are  euuurauy  uaseu  [sucn  as  rear  or 
snakes),  and  fears  grounded  in  reality  that  lead  to  a healthy  respect  for  the  danger 
involved  (fear  of  poisonous  snakes). 

Sometimes  people  are  afraid  of  things  they 
do  not  know  much  about.  Finding  out  about 
things  helps  them  not  to  feel  afraid. 

Jack  was  afraid  of  snakes.  He  thought 
that  all  snakes  were  dangerous.  He  did  not 
know  that  most  snakes  would  not  hurt  him. 

Then  Mr.  Rodman  moved  next  door  to  Jack. 

Mr.  Rodman  had  some  pet  snakes.  He 
helped  Jack  find  out  about  the  snakes  that 
are  dangerous  and  the  snakes  that  are  not 
dangerous. 

Jack  watched  the  pet  snakes.  He  held 
the  snakes  and  touched  them.  He  is  not 
afraid  of  snakes  now. 


Coral  snake 


These  are  the  only  snakes  in  the  United 
States  that  are  dangerous.  Have  you  ever  seen 
any  of  them?  Are  there  any  where  you  live? 


Write  a heading  on  the  board: 
Useful  Fears.  Have  the  children 
make  a list  of  fears  (in  addition  to 
those  in  the  text)  that  have  survi- 
val value,  i.e.,  fears  that  protect  us 
from  physical  danger.  The  chil- 
dren ought  to  have  a realistic  cau- 
tion with  respect  to  jaywalking, 
probing  a wasp's  nest,  disregard- 
ing rules  for  bicycle  safety,  play- 
ing with  fire,  etc.  Emphasize  that 
these  realistic  fears  help  us  to  stay 
alive. 

° What  is  it  about  snakes  and  about 
mice  and  some  other  animals 
that  people  are  afraid  of?  (With 
respect  to  both  snakes  and  mice, 
there  are  two  factors  inducing 
fear:  the  sudden,  unexpected 
movements  of  these  animals, 
which  put  some  people  on  edge, 
and  cultural  attitudes  that  chil- 
dren pick  up  from  adults  and 
from  other  children.) 

• What  kinds  of  snakes  are  not 
dangerous  and  might  be  pets? 
(Garter  snakes  and  milk  snakes 
are  two  common  examples.) 

• Does  finding  out  which  snakes 
are  dangerous  help  us  not  to  be 
afraid?  (We  might  still  be  startled 
by  sudden  movements  in  the 
grass,  but  when  we  recognize 
the  garter  snake,  we  would  no 
longer  be  afraid.) 


The  way  in  which  we  behave  toward  others  affects  their  behavior  toward  us. 


If  possible,  have  a harmless  snake 
brought  in  for  the  children  to  ob- 
serve. Provide  the  snake  with  a 
cool  shelter.  Have  the  children 
pick  up  the  snake  and  note  its 
body  temperature.  The  children 
can  also  observe  body  structure— 
that  the  snake  has  a long  back- 
bone, which  enables  it  to  crawl. 
However  the  snake  must  have 
something  to  push  against  in  order 
to  crawl  (the  Third  Law  of  Motion: 
for  every  action  there  is  an  equal 
and  opposite  reaction).  If  you  put 
the  snake  on  a piece  of  glass,  it 
cannot  move.  Call  attention  to  the 
tongue,  which  is  constantly  dart- 
ing out.  The  snake's  tongue  is  an 
extremely  sensitive  organ  of  touch. 

Read  and  discuss  page  152.  Em- 
phasize the  importance  of  looking 
ahead  to  the  consequences  of 
dangerous  actions.  We  may  not 
like  being  teased,  but  being  seri- 
ously hurt  would  be  worse. 

: What  other  ways  are  there  of 
answering  Tom ? 

A technique  for  eliciting  sponta- 
neous responses  at  this  point  is  to 
use  role  playing.  Assign  one  child 
to  be  Tom,  another  to  be  Ted,  and 
three  boys  to  be  bystanders.  Have 
the  boys  come  to  the  front  of  the 
room  to  act  out  the  scene. 


Sometimes  people  are  afraid  of  what  other 
people  will  think  about  them.  Sometimes  they 
are  afraid  other  people  will  laugh  at  them. 

Tom  dared  Ted  to  jump  across  the  water. 
Ted  cannot  swim  and  the  water  is  deep.  Ted 
is  afraid  to  jump.  He  is  also  afraid  that  Tom 
will  laugh  at  him.  Maybe  Tom  will  tell  other 
boys  and  they  will  laugh  too. 

The  best  thing  for  Ted  to  do  is  to  say, 
“Torn,  I don’t  want  to  jump.”  Why? 

Why  do  you  think  people  dare  other  people? 
Do  you  think  people  who  dare  other  people 
are  afraid  themselves? 


Is  it  fair  to  laugh  at  someone  because  he 
is  afraid? 


152 


‘c/,oiun  uy  uicamny  umiys  dvuiuemaiiy  on  purpose  or  oy  snowing 
aggression  toward  younger  siblings  can  be  expected  to  result  in  unpleasant  conse- 
quences. 

Being  Angry 

Everybody  gets  angry  sometimes.  People 
get  angry  about  different  things.  People  show 
they  are  angry  in  different  ways. 

Nancy’s  mother  scolded  her.  Nobody  likes 
to  be  scolded.  Nancy  gets  angry  when  she  is 
scolded.  She  breaks  things  when  she  gets  angry. 

Will  this  help?  What  will  happen  next?  What 
can  Nancy  do? 

Why  is  Tim  angry?  What  is  he  doing? 

Will  this  help?  Will  the  baby  understand  why 
Tim  is  angry?  What  can  Tim  do? 


153 


cTom  is  going  to  dare  Ted,  and 
Ted  will  say  whatever  comes  into 
his  head.  The  rest  of  you  do 
whatever  comes  into  your  heads. 
Go  ahead,  Tom.  Say  you  dare,  in 
a big,  loud  voice. 

As  the  boys  are  acting  out  the 
scene,  write  down  as  much  of  the 
spontaneous  discussion  as  you 
can.  Use  it  for  class  analysis. 

c Now  let's  talk  about  what  hap- 
pened. What  was  there  about 
the  dare  that  might  bother  Ted ? 

If  Ted  reacted  in  angry  tones,  call 
attention  to  the  consequences.  If 
Ted  did  not  handle  the  dare  un- 
emotionally, have  the  scene  re- 
enacted, and  say,  "Now  let's  have 
Ted  not  get  mad  and  see  what 
happens." 


TEACHING  SUGGESTIONS 
(pp.  153-155) 

- LESSON:  Why  are  we  sometimes 
angry? 

Learnings  to  Be  Developed: 

Release  from  too  high  a level  of 
tension  is  sometimes  obtained  by 
putting  one's  feelings  into  words. 

We  can  predict  that  certain  emo- 
tional behaviors  on  the  part  of  one 
individual  are  likely  to  produce 
particular  responses  in  other  in- 
dividuals. 


There  is  a relationship  between 
physiological  state  and  emotional 
control;  hunger  and  fatigue  may 
make  emotional  control  more  dif- 
ficult. 

When  we  are  angry,  we  may  take 
out  our  feelings  on  others. 
Developing  the  Lesson: 

• Today  we're  going  to  find  out 
about  another  kind  of  strong 
feeling  that  we  have  to  learn  to 
control— the  feeling  of  anger,  or 
of  being  angry.  Let's  read  the 
story  first. 

Read  and  discuss  page  153. 

• Was  breaking  the  dish  an  acci- 
dent? (Point  out  that  things  are 
often  broken  "accidentally  on 
purpose,"  as  the  saying  goes. 
When  we  are  angry,  we  try  to 
get  rid  of  the  feeling  of  anger. 

• Nancy  may  not  realize  that  she 
dropped  the  dish  "accidentally 
on  purpose,"  but  dropping  it 
might  make  the  situation  worse. 
Why?  (Mother  might  scold  her 
again.) 

• Now  let's  see  about  Tim.  What 
has  the  baby  done? 

• Do  older  brothers  and  sisters 
sometimes  get  angry  because 
their  younger  brothers  or  sisters 
get  more  attention? 

Have  the  children  offer  sugges- 
tions for  constructive  ways  in 


Look  at  the  pictures. 
How  are  they  different? 


Will  the  same  thing  make  you  angrier  at 
some  times  than  at  other  times? 

Do  you  get  angrier  when  you  are  tired? 
Do  you  get  angrier  when  you  are  hungry? 
Do  you  get  angrier  when  you  are  not  well? 
Do  you  get  angrier  when  you  are  unhappy? 

154 


What  can  you  do  when  you  get  angry? 

Sometimes  you  will  feel  better  if  you  talk 
to  another  person  about  your  angry  feelings. 
You  can  talk  things  over  with  your  mother  or 
your  father.  You  can  talk  things  over  with 
your  teacher  or  with  a friend. 

Sometimes  you  can  show  that  you  are  angry 
in  ways  that  will  not  hurt  anyone.  Can  you 
think  of  some  ways? 

Sometimes,  if  you  think  carefully  about 
why  you  are  angry,  you  may  feel  better.  Then 
you  will  not  do  things  that  are  not  fair  to  other 
people.  You  may  feel  less  angry. 


which  Nancy  and  Tim  might  have 
acted.  Bring  out  that  the  way  in 
which  we  behave  toward  others 
in  part  determines  what  they  do. 

Anger  is  one  of  the  most  difficult 
of  emotions  to  control.  Taking  it 
out  on  others  doesn't  work,  but 
neither  does  keeping  it  bottled  up 
inside. 

Read  and  discuss  page  154.  In  the 
pictures,  the  same  behavior  on 
the  part  of  the  boy  causes  the  girl 
to  be  happy  in  one  picture  and 
angry  in  the  other. 

c Why  would  the  girl  get  mad , not 
the  first  time , but  the  second? 
(Bring  out  that  physical  state  can 
be  a factor.) 

Studies  done  on  young  children 
show  that  fighting  increases  just 
before  the  lunch  period,  but  that 
if  there  is  a mid-morning  snack 
served,  this  increase  does  not 
appear. 

Read  and  discuss  page  155.  See  if 
thee  hildren  can  give  suggestions 
for  ways  of  showing  anger  that 
will  not  hurt  anyone.  When  chil- 
dren—or  adults— are  frustrated,  a 
common  consequence  is  aggres- 
sion that  is  displaced  on  someone 
or  something.  But  angry  feelings 
need  not  be  taken  out  on  others. 
Talking  about  whatever  made  one 
angry  with  a sympathetic  person 
is  helpful  and  often  brings  a re- 
lease. 


Our  perceptions- how  we  see  things -are  influenced  by  our  emotions-what  we 
want  to  see. 

Losing  and  Winning 


* How  would  the  punching  bag 
help ? (Anger,  like  fear,  puts  us 
on  edge,  builds  up  tension  in  the 
system.  A physical  action  can 
serve  as  a release  of  some  of  the 
tension.) 

A good  problem  to  pose  is  whether 
or  not  there  are  times  when  one 
should  get  angry— when  another 
child  is  teased,  or  several  children 
are  picking  on  one  child,  or  at 
other  things  that  are  not  fair  or 
just. 

* Are  there  some  things  we  should 
get  angry  about? 


Mary’s  foot  was  on  a line.  She  moved  back. 
Judy  saw  her.  She  said,  "Mary,  you  are  out.” 

Mary  kept  on  jumping  and  would  not  stop. 
Judy  said,  "Stop,  Mary!”  She  hit  Mary  to  make 
her  stop. 

Mary  got  angry.  She  would  not  play 
anymore.  Now  she  is  sitting  on  the  grass 
and  will  not  talk  to  anyone. 

Why  didn’t  Mary  want  to  stop? 

Why  should  Mary  learn  to  stop  when  she 
is  out? 


* Is  it  always  a good  thing  to  go 
along  with  what  we  see? 

* What  are  some  things  that  hap- 
pen that  should  make  us  angry? 

* What  do  we  do  about  them? 


TEACHING  SUGGESTIONS 
(pp.  156-160) 

lesson:  How  can  feelings  change 
behavior? 

Learnings  to  Be  Developed: 

To  be  a good  winner  or  a good 
loser,  we  have  to  consider  the 
feelings  of  others  as  well  as  our 
own. 

We  have  to  learn  to  handle  prob- 
lems that  come  up  with  other 
children  so  that  we  don't  hurt 
their  feelings. 


Did  Judy  help  Mary  by  hitting  her?  How 
could  Judy  help  Mary? 


These  boys  are  running  a race.  Tom  is 
running  the  fastest.  Tom  will  win. 

When  Bill  saw  that  Tom  would  win,  Bill 
stopped  trying.  Bill  said  he  did  not  want  to 
run. 

Jack  saw  Tom  winning.  But  Jack  ran  as 
fast  as  he  could. 

Why  do  you  think  Bill  stopped? 

Why  do  you  think  Jack  kept  on  running? 

How  can  Bill  learn  to  keep  on  trying? 

Some  children  are  more  unhappy  than 
others  when  they  lose.  It  takes  a long  time  for 
them  to  learn  that  losing  is  part  of  the  game. 
But  they  can  learn  if  they  try. 


Wanting  something  very  badly 
may  make  us  see  things  differ- 
ently; we  may  see  what  we  want 
to  see,  and  believe  what  we  want 
to  believe. 

Developing  the  Lesson:  On  the  next 
five  pages  are  pictured  some  of 
the  more  pressing  problems  of 
social  behavior  with  which  the 
young  child  must  cope.  Two 
major  learnings  are  derived  from 
social  psychology  — that  level  of 
aspiration  (where  we  set  our 
sights)  is  influenced  by  success 
and  failure,  and  that  emotional 
state  influences  perception.  Before 
reading,  review  with  the  children 
what  they  learned  in  Unit  1. 

When  we  first  began  this  book , 
what  did  we  learn  about  finding 
out  about  things ? 

How  do  we  find  out?  (The 
senses.) 

Does  it  sometimes  happen  that 
two  children  see  the  same  thing 
happening,  but  each  sees  it  dif- 
ferently? 

Read  and  discuss  page  156.  Explain 
that  Mary  may  not  have  seen  her- 
self as  being  “out"  because  she 
wanted  so  much  to  win,  or  that 
she  may  have  persisted  in  jump- 
ing to  provoke  Mary. 

The  story  on  page  157  shows  a 
different  reaction  to  losing  in  a 
contest:  the  child  gives  up. 


o Here  we  have  a different  story 
about  winning  and  losing.  Let's 
read  it  and  find  out  what  is  dif- 
ferent. 

• Does  someone  sometimes  quit 
a game  when  he  is  not  winning ? 

• What  does  this  make  the  other 
children  do?  (Brings  on  taunting 
and  name  calling.) 

• But  Mary  kept  on  jumping  in  the 
story  we  just  read , and  that 
wasn't  right.  What  is  the  differ- 
ence in  the  two  stories?  (In  the 
race,  we  stay  on  until  the  end. 
No  one  is  "out";  no  one  need 
give  way  to  another.) 

Remind  the  children  of  other  ways 
of  rationalizing:  "I  didn't  want  it 
after  all,"  "I  had  a sore  leg,"  etc. 
When  a path  to  a goal  is  blocked, 
we  may  pretend  we  didn't  want 
something  in  the  first  place,  or 
find  an  excuse  for  not  being  able 
to  reach  the  goal.  In  these  ways, 
we  try  to  protect  our  feelings 
about  ourselves.  The  important 
thing  for  children  to  learn  is  that 
some  ways  we  use  to  protect  our 
feelings  about  ourselves  may 
worsen  the  situation,  because  they 
expose  us  to  the  ridicule  of  others. 

Read  and  discuss  page  158.  The 
children  may  have  had  similar  ex- 
periences where  a child  not  only 
quit  a game  but  took  essential 
equipment  with  him.  Choose  chi I- 


Jim  hit  the  ball.  He  ran  and  was  tagged. 
Jim  thought  he  was  safe.  The  boys  said  he  was 
out. 

Jim  is  angry.  It  is  hard  to  lose  in  a game. 

He  is  going  home.  He  is  taking  his  ball  and 
bat  with  him.  The  other  boys  cannot  play  now. 

Why  do  you  think  Jim  did  this?  What  else 
could  he  have  done? 

These  stories  serve  the  purpose  of  a projective  technique;  as  the  child  puts  himself  in 
Jim  s or  Mary's  place,  he  may  react  to  the  situation  with  the  same  feelings.  When  he 
expresses  them  verbally,  the  teacher  has  a chance  to  be  sympathetic  but  also  to 
redirect  behavior  into  channels  with  more 
desirable  consequences. 


158 


Playing  a game  with  others  can  be  fun. 
But  learning  to  lose  is  hard.  Learning  to  win 
is  hard,  too.  Can  you  tell  why? 
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dren  to  play  the  roles  of  the  situ- 
ation described  here.  Assign  some- 
one to  play  Jim,  someone  to  play 
the  first  baseman  who  declares 
that  Jim  is  out,  and  three  or  four 
other  players.  Encourage  the  play- 
ers to  say  whatever  they  feel  like 
saying  when  Jim  walks  off  with  his 
equipment.  Takes  notes,  as  before, 
and  then  analyze  in  terms  of  one 
child's  behavior  bringing  about 
certain  undesirable  consequences 
in  the  aggressive  behavior  of 
others.  Angry  behavior  provokes 
anger  in  others. 

Call  attention  to  the  importance 
of  tone  of  voice.  Have  Jim  say,  "I 
am  not  out;  I'm  safe,"  and  have 
him  explain  his  point  of  view  in 
two  different  ways.  Analyze  the 
effect  on  the  other  children. 

° How  are  such  things  handled  in 
Big  League  baseball , or  in  Little 
League ? (A  referee  who  does  not 
favor  one  team  against  the  other 
serves  as,  hopefully,  an  impar- 
tial judge.  In  sandlot  baseball, 
the  use  of  a referee— an  older 
boy— can  help  to  avoid  Jim's 
problem.  The  referee  may  be 
wrong  at  times,  but  he's  as  likely 
to  make  a mistake  in  favor  of 
one  side  as  in  favor  of  the  other.) 

Read  and  discuss  page  159. 

j We  often  hear  people  talk  about 
"poor  losers."  Are  there  poor 
winners,  too? 


. What  do  poor  winners  do,  that 
is  hard  to  put  up  with ? (Gloating 
over  others;  "rubbing  it  in,"  that 
the  other  team  lost;  singing  their 
own  praises,  etc.) 

. Children  feel  good  when  they 
win.  But  do  we  have  to  think 
about  the  losing  team ? 

. Are  there  some  children  who  say 
nice  things  to  the  losers?  What 
do  they  say? 

On  page  160,  Bill  sizes  up  the  dis- 
tance to  the  store  differently  each 
time.  Have  the  children  explain 
the  reason. 

. What  is  wrong  here?  (Bill's  feel- 
ings.) 

Feelings  or  emotions  can  influ- 
ence the  way  in  which  we  see 
things.  In  one  study,  even  the  size 
of  coins  varied  according  to  need, 
with  poor  children  overestimating 
how  large  a half  dollar  is  and  well- 
to-do  children  perceiving  it  more 
realistically.  Here,  distance  to  the 
store  varies  with  Jim's  reasons  for 
going.  Feelings  continue  to  make 
us  see  things  wrong  even  when 
we  get  older.  Knowing  that  this  is 
true  is  a kind  of  protection  for  us; 
we  can  learn  to  consider  the  other 
person's  point  of  view,  and  to 
realize  we  may  be  seeing  things 
incorrectly,  too. 


Feelings  Can  Change  Thinking 


Bill  had  some  pennies.  He  wanted  to  get 
candy  at  the  store.  His  mother  said,  “It  is 
too  late.  Dinner  is  almost  ready.  It  is  too 
far  to  go  now.” 

Bill  said,  "It  is  not  far.  I will  be  back  in 
time  for  dinner.” 

The  next  day,  Bill  was  playing.  His  mother 
asked  him  to  go  to  the  same  store. 

Bill  said,  "It  is  so  far.  It  takes  so  long  to 
go  to  the  store.” 

Did  the  store  move?  Why  did  Bill  think  it 
was  not  far  one  day  and  too  far  the  next  day? 


In  this  example,  perception  of  distance  to  the  store  varies  with  personal  need. 
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Tell  the  Word 


TEACHING  SUGGESTIONS 

(pp.  161-166) 

Background:  For  this  page,  be  sure 
to  have  the  children  write  the  an- 
swers in  their  notebooks. 

Happy 

Sad 

Angry 

Sorry 

Hot 

Cold 
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What  Do  You  Know? 


Use  pages  162  and  163  for  review. 
The  answers  to  the  questions  are 
as  follows: 


People  are  sometimes  afraid  of 
things  that  won't  hurt  them  be- 
cause they  do  not  know  whether 
or  not  those  things  are  danger- 
ous. 


Also,  people  are  sometimes  afraid 
because  they  have  learned  from 
other  people  to  be  afraid.  They 
can  learn  more  about  things  that 
frighten  them. 


Find  out  safe  ways  of  dealing  with 
the  danger  (have  children  give 
examples— by  avoiding  dangerous 
situations,  by  not  playing  with 
strange  animals,  etc.) 


Children  too  often  are  afraid  that 
others  will  think  they  are  "sissies" 
if  they  don't  accept  a dare. 


Why  are  people  sometimes 
afraid  of  things  that  will  not 
hurt  them?  What  can  people  do 
so  they  will  not  be  afraid? 


What  should  you  do  when 
you  are  afraid  of  something 
that  is  dangerous? 


Why  do  people  do 
dangerous  things  when  some- 
one says,  “I  dare  you”? 
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Tell  some  ways  that  people 
show  that  they  are  angry. 


What  are  some  things  you 
can  do  to  feel  less  angry? 


What  do  some  children  do 
when  they  lose  a game? 


How  can  someone  who 
wins  a game  help  someone  who 
loses? 


A good  winner  can  say  a few  kind 
words  to  the  losers— “You  played 
a good  game,  just  the  same"; 
“You  may  be  the  winners  next 
j1  time." 


When  people  are  angry,  they  may 
take  it  out  on  other  persons  or 
things.. They  may  say  mean  things, 
or  try  to  hurt  someone  else  in  an- 
other way.  (Have  the  class  supply 
specific  examples.) 


Talking  things  over  with  a sympa- 
thetic person  helps. 


Children  may  quit  and  take  equip- 
ment with  them,  start  a fight  with 
the  winners,  or  refuse  to  acknowl- 
edge they  have  lost. 


Do  You  Remember? 


MATERIALS  CHECKLIST 


You  can  find  out  many  things  about  the 
world  in  which  you  live.  You  can  find  out  by 


and 


You  have  already  found  out  about  forces. 


A force  is  a l|EEj]  ^ ^ or  a 
Sometimes  only  a small  force  is  needed  to  move 
something.  But  other  times  it  is  not  easy  to 
move  something,  even  if  you  push  or  pull  very 


you  to  move  something.  Wheels  and  pulleys 
are  two  things  that  make  it  easier  to  move 
some  things. 

There  are  no  wheels  or  pulleys  in  your 
body.  Your  body  has  other  ways  to  move 
about. 
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Your 


and  \ 


help  you  to  move. 


You  have  bones  and  muscles  in  your 


in  your 


m your 


and  even  in  your  Because  you  are  able 

to  move  about,  your  body  can  get  all  of  the 
food  that  it  needs. 


A does  not  have  any  wheels  or 

pulleys  inside  it.  A green  plant  does  not  have 
any  bones  or  muscles.  A green  plant  does  not 
need  to  move  about  to  get  its  food.  It  can 
make  its  own  food.  Green  plants  can  make 


and  sunlight. 


food  from  the  air  and 


Some  plants  are  not  green.  A is  not 

a green  plant.  A mold  cannot  make  its  own 
food.  It  needs  green  plants  to  help  it  get  its 
food. 
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MATERIALS  CHECKLIST 


r 


The  warms  the  earth.  The  sun 

also  warms  all  the  living  things  on  the  earth. 
The  sun  helps  all  of  the  living  things  to  stay 
alive. 

We  measure  how  warm  something  is  by 


using  a If  something  gets  hot 

enough,  it  may  burn.  Then  you  may  see  a 


Fires  can  be  helpful  or  harmful. 
You  must  be  careful  when  you  are  near  a fire. 

Your  feelings  can  help  you  to  find  out 
about  many  things.  Sometimes  you  feel 


. Or  you  may  feel 


may  feel 


You 


. Or  you  may  feel 
. You  may  also  feel 


You  have  learned  many  things  about 
yourself  and  about  the  world.  Do  you 
remember? 
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MATERIALS  CHECKLIST 


Vocabulary  and  Sentence  Structure 


The  Macmillan  Science  Series  is  designed  to  present  meaningful  content 
that  is  interesting  and  challenging  to  pupils.  The  authors  have  recognized 
the  reading  problem  involved  in  presenting  worth-while  content,  and  have 
met  this  problem  by  (1)  using  a carrying  vocabulary  of  words  commonly 
found  in  readers,  and  (2)  carefully  presenting  selected  science  words  to 
help  the  pupil  gradually  acquire  a science  reading  vocabulary. 

To  keep  this  text  at  an  easy  second  grade  reading  level,  the  authors  have 
used  through  page  107  a carrying  vocabulary  of  words  commonly  found  in 
pre-primers,  primers,  and  first  readers.  Beginning  with  page  108,  the 
authors  have  gradually  introduced  second-reader  words.  Throughout  the 
text,  words  that  were  given  special  attention  in  the  first  book  of  this  series 
are  included  in  the  carrying  vocabulary. 

Picture  labels,  used  occasionally,  are  not  necessary  to  an  understanding 
of  the  text.  The  pupil  can  easily  "read”  many  of  these  words  by  naming- 
the  items  in  the  accompanying  pictures,  and  the  better  readers  will  acquire 
many  of  these  words  permanently.  Some  of  these  labels  may  be  new  words 
to  the  pupil — zebra  fish,  dandelion,  Spanish  nettle,  for  example.  The  teacher 
should  pronounce  such  words  for  the  pupil  and  encourage  him  to  use  them, 
but  they  are  not  to  be  taught  for  mastery. 

The  following  list  consists  of  words  in  the  text  (and  headings)  that  fall 
outside  the  carrying  vocabulary.  The  appearance  of  a word  in  this  list  does 
not  mean  the  word  is  inherently  difficult,  but  merely  that  the  pupil  may 
not  have  encountered  it  often  enough  to  recognize  it. 


1. 

Tom 

gently 

10. 

scale 

12. 

Judy 

Jane 

5. 

measuring 

Fred 

taste 

6. 

Bob 

cup 

maybe 

2. 

Mary 

ruler 

13. 

cocoon 

3. 

onion 

Jerry 

thermometer 

alive 

lemon 

7. 

cookies 

speedometer 

14. 

caterpiller 

bitter 

dough 

11. 

magnifying 

15. 

living 

chocolate 

8. 

heavy 

lens 

16. 

moth 

4. 

note 

9. 

really 

microscope 

17. 

different 

circle 

field  glasses 

18. 

butterfly 

o £ 
S-'o 


| .1 
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MATERIALS  CHECKLIST 


18. 

feelers 

Peggy 

19. 

seat 

20. 

aquarium 

belts 

snails 

48. 

Susan 

21. 

goldfish 

49. 

easier 

guppies 

50. 

pulley 

zebra 

raise 

fish 

pole 

22. 

51. 

airports 

23. 

quart 

52. 

gear 

bottles 

53. 

windup 

24. 

apart 

25. 

spring 

26. 

scientists 

unwinds 

27. 

54. 

cord 

28. 

55. 

29. 

56. 

experiments 

30. 

special 

31. 

57. 

32. 

58. 

33. 

forces 

59. 

34. 

60. 

muscles 

61. 

35. 

62. 

bones 

36. 

skeleton 

37. 

direction 

shape 

38. 

rubber 

63. 

skull 

band 

ribs 

39. 

steady 

backbone 

Anne 

64. 

shoulder 

Dick 

hip 

speed 

65. 

40. 

66. 

easily 

41. 

size 

cartons 

Paul 

67. 

42. 

Lucy 

68. 

43. 

Jim 

69. 

person’s 

David 

70. 

joint 

44. 

elbow 

45. 

71. 

46. 

suddenly 

72. 

47. 

Linda 

73. 
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74. 

difference 

daffodils 

130. 

fever 

75. 

muscles 

100. 

cuttings 

131. 

warm-blooded 

attached 

101. 

132. 

cold-blooded 

76. 

Peter 

102. 

133. 

touch 

103. 

fairy  ring 

134. 

bend 

cup  fungi 

135. 

straight 

boletus 

136. 

sweating 

77. 

thicker 

puff 

137. 

narrow 

balls 

138. 

78. 

pairs 

104. 

moldy 

139. 

79. 

study 

140. 

80. 

105. 

141. 

81. 

106. 

142. 

82. 

107. 

143. 

83. 

108. 

144. 

84. 

109. 

heat 

145. 

85. 

trunk 

110. 

important 

146. 

86. 

stems 

111. 

147. 

roots 

112. 

148. 

lightning 

87. 

113. 

liquid 

storms 

88. 

bean 

degrees 

149. 

cucumber 

pour 

150. 

snakes 

peach 

temperature 

Mr.  Rodman 

89. 

maple 

114. 

sunlight 

151. 

coral 

dandelion 

115. 

snake 

90. 

116. 

rattlesnake 

91. 

towels 

117. 

copperhead 

soil 

1 1Q. 

water 

aquarium 

119. 

moccasin 

92. 

120. 

pipe 

152. 

dared 

93. 

121. 

153. 

angry 

94. 

package 

122. 

scolded 

95. 

chart 

123. 

Nancy 

96. 

travel 

124. 

unless 

happen 

97. 

Spanish 

nettle 

grownup 

154. 

understand 

burr 

125. 

being 

155. 

hurt 

98. 

bulbs 

dangerous 

156. 

whole 

126. 

safe 

157. 

99. 

hyacinth 

127. 

matches 

158. 

lose 

narcissus 

128. 

blanket 

159. 

tulips 

129. 

160. 
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PART  I:  THE  CONTENT  AND  PROCESS  OF  SCIENCE  EDUCATION 
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In  most  elementary  schools,  it  is  the  classroom  teacher 
rather  than  a specialist  in  science  education  who 
teaches  science.  Thus,  the  classroom  teacher  'must 
have  some  knowledge  of  the  subject  matter  of  sci- 
ence as  well  as  an  awareness  of  how  children  learn. 
The  Teachers'  Guide  of  Science  for  Tomorrow's 
World  provides  help  in  both  of  these  areas.  We  include 
supportive  factual  information  to  strengthen  what  the 


teacher  already  knows  about  science,  as  well  as  teach- 
ing suggestions  based  on  the  present  knowledge  of 
how  children  learn. 

To  be  truly  effective  as  a teacher  of  science,  the 
teache'r  must  have  an  understanding  of  what  science 
is  and  what  a scientist  does.  We  often  hear  that  the 
American  child  of  today  is  growing  up  in  a scientific 
age.  What  does  this  really  mean?  What  exactly  is  sci- 


What’s  Ahead? 


Dictionary  of  Scientists 


2 Cells,  Tissues, 
Organisms 


1 G£^ment 


,che\  Carson 

States 


of  Science  Words 


. scientist's  Way 
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ence?  The  answer  to  this  last  question  will  determine 
the  teacher's  approach  and  orientation  to  every  lesson 
presented.  To  help  the  teacher  gain  a fuller  under- 
standing of  the  climate  of  our  scientific  age,  we  begin 
the  Teachers'  Guide  with  a discussion  of  the  meaning 
of  science  and  the  work  of  the  scientist. 

SCIENCE  AND  THE  SCIENTIST 

Science  is  the  study  of  natural  phenomena;  it  con- 
cerns itself  with  describing  such  phenomena  and 
attempting  to  explain  them  through  laws  that  con- 
stantly can  be  tested  and  corrected  against  conse- 
quences in  experience.  These  scientific  laws  are  then 
fitted  into  a working  model  of  the  universe — a model 
that  may  be  in  the  form  of  an  idea,  a diagram,  or  a 
construction  (Book  6,  p.  145).  Often,  scientists  must 
do  many  experiments  before  a working  model  can  be 
developed.  Often,  too,  many  experiments  and  much 
theorizing  are  done  after  the  model  is  developed,  in  or- 
der to  determine  whether  or  not  the  model  is  accurate. 
An  accurate  working  model  may  be  highly  useful  in 
predicting  future  events.  With  a working  model  of  the 
solar  system,  for  example,  it  is  possible  to  make  pre- 
dictions about  when  eclipses  will  occur,  when  Mars 
will  be  closest  to  the  earth,  when  tides  will  be  high, 
and  where  the  earth  will  be  in  relation  to  other  planets 
at  any  given  time  in  the  future.  In  some  instances,  a 
working  model  also  helps  to  control  man-made  or 
natural  phenomena.  A model  of  motion  that  approx- 
imates natural  motion  is  indispensable  in  controlling 
man-made  motions  such  as  those  of  a primitive  ox- 
cart or  a modern  space  satellite.  This  is  not  to  imply 
that  science  is  concerned  with  prediction  and  control 
for  practical  reasons  only.  Such  concern  has  grown  out 
of  man's  need  to  dispel  uncertainty,  to  know  the  world 
in  which  he  lives. 

In  constructing  a foundation  for  a model  of  reality, 
the  scientist  uses  ideas  of  time,  space,  matter,  causal- 
ity, and  number.  In  each  of  these  areas,  the  scientist 
believes  there  is  order;  things  do  not  happen  in  a hap- 


hazard fashion  in  the  world  of  nature,  but  in  a logical, 
noncontradictory  manner.  Thus,  no  matter  what  year, 
no  matter  what  season,  the  sun  always  appears  at 
dawn  in  the  east.  No  matter  what  kind  of  projectile 
is  launched  from  the  earth  into  space,  the  projectile 
has  two  kinds  of  motion — a forward  motion  in  the 
direction  in  which  it  was  launched  and  a downward 
motion  in  the  direction  of  the  center  of  the  earth. 

From  the  dawn  of  history,  man  has  sought  to  ex- 
plain what  he  observed  and  then  to  use  his  explana- 
tions to  predict  future  events.  Even  long  ago,  scientists 
believe,  man  was  able  to  predict  certain  natural  phe- 
nomena. They  believe  that  an  ancient  people  at  Stone- 
henge, England,  studied  the  movements  of  earth  and 
sun  and  were  able  to  place  great  rocks  in  such  a 
fashion  as  to  predict  the  beginning  and  ending  of 
seasons  and  eclipses.  We  can  find  countless  other  ex- 
amples to  show  that  the  order  in  the  universe  became 
evident  to  man's  intelligence  and  that  he  used  the  test 
of  prediction  to  prove  the  existence  of  that  order.  For 
example,  at  Stonehenge,  it  is  believed  that  if  ancient 
man's  notions  about  movements  of  sun  and  earth  were 
wrong,  the  sun  would  not  have  been  seen  rising  over 
a particular  stone  on  a particular  day  of  the  year;  thus, 
the  concept  would  have  to  have  been  changed  accord- 
ingly. Sometimes  when  ancient  man  was  unable  to  find 
an  explanation  for  natural  phenomena,  he  resorted  to 
magic.  Through  magic,  he  thought  himself  able  to  ex- 
plain a particular  event,  not  by  recourse  to  natural 
laws,  but  by  the  invention  of  uncontrollable  "some- 
things" that  he  believed  might  yield  to  magical  rites. 

Why  did  man  gradually  give  up  magic  and  turn 
more  and  more  to  a search  for  natural  laws?  Psycholo- 
gists find  the  explanation  in  the  part  of  man's  biologi- 
cal inheritance  that  is  intelligence — a form  of  mental 
adaptation  that  causes  man  to  seek  to  deal  effectively 
with  his  environment.  This  basic  need  produces  a 
tendency  to  give  up  explanations  that  do  not  conform 
to  reality.  Reality  comes  to  be  not  what  one  per- 
ceives with  the  senses,  but  rather  the  product  of  trans- 
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formations  that  one  performs  upon  data  in  the  mind. 
A distant  elm  may  appear  to  be  smaller  than  a nearby 
birch  sapling,  but  the  mind  puts  each  tree  in  proper 
spatial  perspective.  It  may  have  seemed  to  ancient  man 
that  the  sun  traveled  around  the  earth,  but  such  a con- 
cept of  the  solar  system  is  not  consistent  with  all  the 
known  facts,  and  so  man  eventually  constructed  a 
more  realistic  concept  of  the  solar  system. 

It  is  evident  that  science  involves  more  than  just 
the  accumulation  of  new  facts  about  the  universe. 
Galileo's  "facts"  about  motion  are  already  known  to 
anyone  who  has  rolled,  an  object  down  an  inclined 
plane  or  thrown  an  object  from  a moving  vehicle.  All 
the  facts  needed  to  derive  the  concept  of  gravitation 
were  known  to  man  long  before  Newton.  The  great 
forward  leaps  in  science  have  often  come  about  not 
because  man  discovered  new  facts  about  the  universe, 
but  because  a great  scientific  mind  saw  those  same 
facts  in  a new  framework.  The  search  for  new  facts 
goes  on  continuously  in  scientific  laboratories,  but  the 
major  breakthroughs  take  place  inside  the  minds  of 
scientists  themselves. 

How  do  these  breakthroughs  occur?  What  does 
man  look  for  to  make  the  world  more  intelligible? 
Two  guiding  principles  stand  out:  Man  looks  for 
unity,  and  he  looks  for  simplicity. 

To  look  for  unity  means  to  look  for  likenesses, 
often  in  unexpected  places.  It  means,  for  example,  see- 
ing that  the  model  of  the  solar  system  might~also  serve 
as  a model  for  the  atom.  It  means  seeing  similarities 
among  the  ant,  the  fish,  the  mouse,  and  man.  For 
convenience,  man  may  divide  science  into  the  study 
of  the  physical  and  the  biological — the  living  and  non- 
living. But  man  searches  for  more  than  merely  a simi- 
larity between  any  two  related  facts;  he  searches  for  a 
law  that  will  explain  all  such  related  facts,  and  thus 
he  strives  toward  unity. 

The  second  guiding  principle  in  man's  striving  to 
make  the  world  more  intelligible  is  that  of  simplicity. 
Man  seeks  the  basic  units — ultimate  and  fundamental 


units — out  of  which  more  complex  matter  is  built.  The 
discovery  of  the  cell  and  the  discovery  of  the  atom 
were  two  milestones  in  man's  striving  toward  simplic- 
ity. Present-day  explorations  of  molecular  activity  in 
the  cell  lead  further  in  the  direction  of  unity  and 
simplicity;  eventually,  the  activities  of  all  living  things 
may  be  explained  in  terms  of  atoms. 

In  preparing  Science  for  Tomorrow's  World,  the 
authors  have  been  guided  by  a modern  viewpoint  of 
science.  We  have  constantly  asked  ourselves  what  this 
modern  viewpoint  implies  for  science  education  in  ele- 
mentary schools.  We  turn  now  to  a consideration  of 
those  implications  which  have  guided  our  thinking  in 
the  planning  and  developing  of  this  series. 

A PHILOSOPHY  OF  SCIENCE  EDUCATION 

Three  basic  principles  form  the  foundation  of  our 
approach  to  science  education.  First,  we  affirm  our 
faith  in  the  natural  curiosity  of  the  child  as  a powerful 
motivating  tool  in  acquiring  science  knowledge.  We 
believe  that  this  curiosity  can  be  kept  at  a high  level, 
not  necessarily  by  the  use  of  bizarre  or  dramatic  sci- 
ence activities,  but  by  making  explicit  to  the  child  the 
difference  between  his  own  view  of  reality  and  reality 
as  it  actually  exists — as  well  as  man  can  conceive  of 
it.  The  child  brings  with  him  to  the  classroom  a tre- 
mendous body  of  cognitive  structures  that  he  uses  to 
explain  the  universe.  The  problem  in  teaching  science 
to  children  is  not  that  the  child  does  not  have  expla- 
nations for  natural  phenomena;  it  is  rather  that  his 
explanations  are  often  either  half-correct  or  wholly  in- 
correct. Yet,  if  we  can  assume  on  the  part  of  the  child 
a basic  urge  to  deal  effectively  with  his  environment, 
when  he  becomes  aware  of  the  discrepancy  between 
what  he  believes  and  what  is  reality,  we  can  then  con- 
clude that  he  will  be  more  ready  to  apply  the  use  of 
logic  in  his  thinking.  Here,  both  deductive  and  induc- 
tive (discovery)  processes  are  invaluable.  Some  key 
concepts  can  best  be  taught  by  direct  presentation  that 
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is  followed  by  applications  of  the  key  concepts  to  a 
wide  variety  of  data.  Thinking  can  be  stimulated  when 
the  teacher  says,  for  example,  "How  does  what  we 
have  learned  about  sound  apply  to  a mammal  such 
as  the  bat?  How  can  the  bat's  sense  of  hearing  help 
the  bat  to  know  when  an  object  is  near?" 

The  discovery  method  is  most  effective  when  re- 
served for  the  induction  of  certain  general  laws.  For 
example,  in  the  study  of  animal  behavior,  children  can 
discover  for  themselves  some  of  the  relationships  be- 
tween temperature  and  behavior.  They  can  observe 
what  happens  to  the  behavior  of  a goldfish  when  the 
temperature  of  the  water  in  the  aquarium  is  lowered; 
they  can  note  the  movement  of  insects  that  have  been 
placed  in  a box  that  is  heated  at  one  end.  In  the  study 
of  light,  however,  we  cannot  expect  young  pupils  to 
use  the  inductive  process  to  arrive  successfully  at  the 
wave  theory  of  light.  Thus,  deductive  and  inductive 
methods  of  presenting  material  have  been  used  both 
selectively  and  realistically  in  Science  for  Tomorrow's 
World  to  achieve  a maximum  challenge  to  pupils'  intel- 
lectual curiosity. 

The  second  basic  principle  we  accept  is  that  the 
elementary  school  child  should  gradually  build  a 
structure  of  science  approximating  the  structure  de- 
veloped by  the  scientist.  Sometimes,  in  an  effort  to 
simplify  subject  matter,  teachers  have  introduced  er- 
roneous concepts  on  the  supposition  that  these  con- 
cepts were  easier  for  the  child  to  understand.  One  such 
teacher  taught  that  "Some  insects  lay  eggs  that  hatch 
into  worms";  he  did  this  because  he  thought  that 
"larvae"  was  too  difficult  a word  to  introduce  to  his 
second-grade  class.  It  is  possible,  of  course,  to  teach 
such  a concept  without  actually  using  the  word  for 
the  concept.  But  most  important  is  that  the  concept 
be  accurate.  The  biologist  puts  worms  into  a phylum 
that  is  completely  separate  from  the  phylum  for  in- 
sects; to  say  that  larvae  are  "worms"  puts  a mistaken 
emphasis  upon  unimportant  similarities  in  the  ap- 
pearances of  the  larvae  and  worms.  We  believe  that 


a selection  of  simple  but  significant  concepts  can  be 
taught  so  that  even  the  young  child  has  some  exposure 
to  the  main  ideas  that  structure  a particular  field  of 
science.  We  also  believe  that  children  should  know  of 
man's  long  and  continuing  struggle  to  structure  his 
knowledge — of  the  wrong  turns  he  has  made  at  times, 
and  of  how  difficult  it  is  to  give  up  erroneous  concepts 
even  in  the  face  of  their  inefficacy.  Children  should 
know  and  experience  the  exploration  of  the  unknown, 
and  they  should  also  attempt  to  search  for  coherence 
in  the  world  around  them.  Only  then  will  they  gain  a 
perspective  of  science  as  man's  attempt  to  decipher 
the  code  of  the  universe. 

We  have  emphasized  repeatedly  man's  basic 
tendency  toward  equilibrium — his  need  to  resolve  cog- 
nitive disturbance  by  accepting  those  ideas  that  fit 
with  reality.  But,  as  the  history  of  science  so  dramati- 
cally illustrates,  there  is  at  the  same  time  a strong 
tendency  to  resist  change,  to  cling  to  cherished  no- 
tions. In  teaching  science,  we  must  not  present  a 
picture  of  the  scientist  as  a kind  of  superman  who 
readily  accepts  evidence  that  contradicts  his  own  way 
of  thinking.  Part  of  the  subject  matter  of  science  is  the 
history  of  science;  studying  the  history  helps  pupils  to 
see  the  scientist  as  a human  being,  one  who  has  had 
to  engage  actively  in  the  process  of  accommodating 
to  new  theories — a process  as  difficult  for  him  as  for 
all  other  men. 

The  third  principle  we  accept  is  that  the  acquisi- 
tion of  knowledge  can  enhance  logical  thinking  when 
proper  attention  is  paid  to  processes.  The  child  be- 
comes more  logical  in  his  thinking  when  he  acts  upon 
the  data  he  assimilates,  putting  two  and  two  together, 
making  analogies  by  a one-to-one  correspondence  be- 
tween parts,  seeing  the  implications  of  one  action  upon 
another,  setting  up  alternative  hypotheses  ("It's  either 
this  or  that"),  excluding  variables  that  check  out  to 
be  irrelevant.  An  important  part  of  the  teacher's  re- 
sponsibility in  teaching  science  is  to  help  the  child  ac- 
quire mental  processes  for  transforming  data  so  that 


inconsistencies  in  thinking  can  be  eliminated  and 
reasoning  can  become  more  logical. 

In  teaching  elementary  school  science,  much  has 
been  made  of  the  scientist's  sequential  method  of 
searching  for  truth — of  observing,  hypothesizing,  test- 
ing, noting  results,  drawing  conclusions.  Each  of  these 
activities  is  an  important  scientific  activity,  but  note 
that  the  scientist  does  not  necessarily  proceed  step  by 
step  from  one  activity  to  the  next.  Thus,  observation 
is  part  of  every  scientific  activity;  or,  a scientist  in  the 
process  of  testing  may  observe  that  a certaih  phenom- 
enon does  not  conform  to  what  he  thinks  ought  to  be 
happening,  and  as  a result  he  may  start  off  on  a new 
and  perhaps  more  important  track.  The  elementary 
science  curriculum  ought  to  describe  the  scientist's 
methods.  But  in  order  to  ferret  out  contradictions,  in 
order  to  make  children  “think  like  a scientist,"  we  need 
to  emphasize  (1)  logical  thinking,  (2)  the  habit  of  test- 
ing concepts,  and  (3)  the  checking  of  concepts  against 
their  consequences  in  experience.  To  teach  children 
a pat  process  is  not  the  answer;  we  will  return  to  this 
point  later  in  our  discussion. 

The  child,  the  structure,  the  processes — these  are 
the  foundation  stones  of  Science  for  Tomorrow's 
World.  While  we  deal  with  structure  and  processes  in 
succeeding  sections,  there  is  no  separate  section  on  the 
child;  consideration  of  the  learner  is  woven  into  every 
section. 

THE  STRUCTURE  OF  SUBjECT  MATTER  IN  THE 
ELEMENTARY  SCIENCE  CURRICULUM 

In  building  a curriculum,  the  first  obvious  question 
that  we  ask  is,  “What  is  considered  important  for 
children  to  learn  in  the  field  of  science?"  With  man's 
knowledge  expanding  at  a fantastic  rate,  it  becomes 
increasingly  necessary  to  exercise  great  selectivity  in 
choosing  the  subject  matter  that  is  to  be  taught  to 
children.  For  the  past  ten  years,  scientists  and  teachers 
have  been  working  cooperatively  on  this  problem  to 


produce  new  science  materials  for  both  elementary 
and  secondary  schools. 

Let  us  look  at  an  area  commonly  included  in  ele- 
mentary science  curricula — Living  Things.  The  ma- 
jority of  pupils  in  elementary  school  study  living 
things,  but  what  are  the  pupils  expected  to  learn?  Past 
curricula  taught  generalizations  such  as,  “There  are 
many  different  kinds  of  animals,"  “Pets  are  our  animal 
friends,"  “Earthworms  help  to  make  the  soil  good  for 
the  farmer,"  "The  toad  has  a tough,  dry  skin,"  and 
“The  toad  uses  its  forked  tongue  to  catch  insect  pests." 
The  difficulty  with  such  facts  is  that  they  do  not 
explain ; they  do  not  help  the  pupil  to  grasp  the  under- 
lying structure  of  the  science  of  living  things.  Such 
facts  about  natural  phenomena  give  descriptions  in 
only  a general  and  superficial  way. 

In  contrast,  the  present  trend  in  science  teaching 
is  to  emphasize  key  concepts  rather  than  specific  facts. 
Specific  facts  are  included,  but  they  are  seen  in  rela- 
tionship to  the  key  concepts.  Granted  that  the  toad  has 
a tough,  dry  skin;  the  scientist  then  asks,  “What  does 
such  a skin  do  for  the  toad?"  In  answering  this  ques- 
tion, the  scientist  draws  upon  the  key  concept  of  adap- 
tation— adaptation  being  the  adjustment  that  an  or- 
ganism can  make  to  a given  set  of  conditions  because 
the  organism  possesses  certain  structures  that  have  sur- 
vival value  and  that  are  passed  on  to  offspring.  Such  a 
concept  explains  many  phenomena,  from  the  dry  skin 
of  the  toad  to  the  claws  of  the  lobster. 

Next  the  scientist  asks,  “How  does  it  work?"  For 
example,  “How  is  the  forked  tongue  of  the  toad 
adapted  to  the  particular  diet  of  the  toad?"  “What  en- 
ables the  bat  to  hunt  at  night?"  “How  are  the  eyes  of 
the  bat  adapted  to  night  flying?"  These  questions  lead 
to  another  key  concept — the  interdependence  of 
structure  and  function.  Again,  as  with  adaptation,  this 
key  concept  explains  many  phenomena:  The  tongue 
of  the  toad  is  uniquely  built  for  “lightning-quick" 
action  in  catching  and  holding  onto  flying  insects;  the 
eyes  of  nocturnal  animals  have  more  rods  than  do 
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the  eyes  of  other  animals,  and  so  the  nocturnal  ani- 
mals are  able  to  use  the  available  light  to  see  in  very 
dark  places. 

The  question  of,  "How  does  it  work?"  in  relation 
to  living  things  eventually  brings  the  investigator  to 
the  cell,  the  basic  unit  of  life.  The  key  concept  with 
which  he  works  here  is  that  the  cell  can  be  compared 
to  a factory  where  raw  materials  are  processed  accord- 
ing to  chemical  instructions  inherent  in  the  genes  of 
the  cell.  The  cell's  finished  products  are  released  into 
the  bloodstream  to  find  their  way  to  the  appropriate 
part  of  the  organism. 

From  "How  does  it  work?"  the  scientist  goes  on  to 
ask,  "How  did  it  come  about?"  The  answer  to  this  last 
question  lies  in  the  evolutionary  principle  that  indi- 
vidual differences  in  the  offspring  of  an  animal  are 
passed  on  to  succeeding  generations  if  the  differences 
have  survival  value.  Over  millions  of  years,  these  differ- 
ences have  led  to  the  enormous  diversity  of  living 
things  in  existence  today.  For  example,  pupils  can  trace 
from  a common  ancestor  the  gradual  evolution  of 
separate  families  of  dogs  and  cats.  Such  an  activity  is 
more  intellectually  exciting  than  merely  learning  the 
fact  that  "The  dog  is  man's  friend." 

In  the  physical  sciences  also  we  can  find  a contrast 
between  the  "old"  science  and  the  "new"  science 
taught  to  elementary  school  children.  Let  us  take,  for 
example,  the  topic  of  motion.  In  many  programs,  a 
pupil  learns,  "A  wagon  goes  faster  downhill  because 
of  gravity;  gravity  pulls  things  toward  the  center  of 
the  earth."  But  to  tell  a pupil  that  gravity  makes  some- 
thing accelerate  on  a decline  is  only  to  give  a name 
for  the  phenomenon;  it  does  not  really  explain  the 
phenomenon.  For  an  explanation  of  any  motion,  the 
scientist  turns  to  Newton's  three  laws.  The  scientist 
can  predict  from  one  of  them  that  a constant  force 
applied  in  the  direction  of  the  motion  will  make  the 
object  accelerate.  This  key  concept  of  the  effect  of  a 
constant  force  can  be  used  over  and  over  again — to 
explain  why  a bicycle  will  accelerate  even  though  the 


rider  pedals  with  the  same  force  or  why  an  object 
falls  faster  as  it  nears  the  ground. 

The  scientist,  using  another  of  Newton's  laws,  can 
also  predict  that  for  any  action  in  one  direction  there 
is  an  equal  and  opposite  reaction.  Again  we  find  that 
this  key  concept  can  be  used  over  and  over.  The  frog 
is  capable  of  a broad  jump  of  several  feet,  but  only 
by  pushing  backward  against  the  mud  or  sand  from 
which  it  springs.  An  inflated  balloon  released  in  the 
air  will  push  forward  rapidly  as  the  air  inside  the 
balloon  jets  out,  demonstrating  the  principle  of  move- 
ment of  a jet  airplane. 

THE  CONCEPTUAL  FRAMEWORK  OF 
"SCIENCE  FOR  TOMORROW'S  WORLD" 

From  a study  of  what  scientists  themselves  consider 
important  in  science,  the  authors  of  this  series 
have  identified  key  concepts  to  serve  as  the  concep- 
tual framework  for  an  elementary  science  curriculum. 
It  is  interesting  to  note  that  these  concepts  are  limited 
in  number;  in  only  ten  statements,  presented  in  the 
section  that  follows,  we  have  been  able  to  encompass 
the  principal  achievements  of  all  of  science.  These  key 
concepts  are  the  backbone  of  the  science  curriculum 
developed  in  this  series.  Each  of  the  concepts  has  been 
broken  down  into  elements  and  the  elements  arranged 
from  the  simple  to  the  more  complex,  so  that  the  struc- 
ture of  a discipline  is  gradually  acquired  by  pupils  as 
they  progress  through  the  grades.  Examples  of  such  se- 
quential development  follow. 

Events  in  the  natural  environment  happen  in  an 
orderly  rather  than  a haphazard  way;  man  searches 
for  laws  to  explain  this  order  by  observing,  hypoth- 
esizing, checking  his  ideas,  and  rejecting  those 
which  do  not  square  with  reality. 

Throughout  his  study  of  science  in  elementary 
school,  the  child  ought  to  come  to  grips  with  the  ques- 
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tion  of  what  science  is  all  about  and  how  the  scientist 
proceeds  to  carry  out  his  work.  To  many  children, 
science  merely  means  such  things  as  satellites  going  off 
into  space,  mysterious  brews  bubbling  over  Bunsen 
burners,  or  tiny  forms  of  life  being  viewed  under 
microscopes.  The  children  identify  conspicuous  activi- 
ties of  some  scientists  as  being  science  itself,  errone- 
ously viewing  the  purpose  of  the  scientist  as  essentially 
practical — to  make  life  easier,  safer,  and  more  livable 
for  man. 

How  can  we  convey  a different  picture?  How  can 
we  help  the  child  to  acquire  a concept  of  science  as  a 
search  for  order  in  the  universe?  Even  the  young  child 
is  aware  of  events  in  the  natural  environment.  He  is 
aware  of  change — day  changing  into  night,  leaves  fall- 
ing and  new  leaves  appearing,  grass  turning  brown 
and  then  green  again,  weather  changing,  living  things 
changing  with  age.  But  what  the  child  is  not  aware  of 
is  that  events  happen  in  an  orderly  rather  than  in  a 
haphazard,  or  chaotic,  way.  The  child  who  first  enters 
school  is  inclined  to  explain  events  by  anthropomor- 
phism, attributing  to  natural  phenomena  either  a hu- 
man knowledge  or  a human-like  will  to  make  things 
happen.  Thus,  grass  turns  green  "because  it  wants  to 
and  because  green  is  prettier,"  and  birds  fly  south  "be- 
cause they  know  that  winter  is  coming."  The  problem 
for  the  teacher  is  to  encourage  and  help  children  to 
view  science  as  an  attempt  to  explain  natural  phe- 
nomena, not  in  terms  of  anthropomorphism,  but  in 
terms  of  certain  fundamental  natural  laws. 

There  are  several  ways  to  accomplish  this  objec- 
tive. The  content  of  science  itself  helps.  The  primary 
school  pupil  studies  tornadoes  not  as  chaotic  events 
but  as  the  result  of  changes  in  air  conditions.  He  finds 
out  that  a seesaw  is  balanced  not  because  "the  see- 
saw wants  to,"  but  because  the  forces  on  each  side  of 
the  seesaw  are  balanced.  Scientific  explanations  for  fa- 
miliar phenomena  help  the  child  appreciate  science. 

Emphasizing  the  key  concepts  that  make  up  the 
structure  of  science  is  another  way  to  help  children 


to  view  science  as  a search  for  order  in  the  universe. 
For  example,  the  child  who  from  the  first  grade  has 
been  exposed  to  basic  concepts  about  the  motion  of 
objects  tends  to  develop  a conception  of  science  as  a 
search  for  basic  laws.  Such  a conception  is  radically 
different  from  the  conception  of  the  child  who  con- 
tinually interprets  events  in  the  world  of  nature  in 
terms  of  their  meaning  for  man  only.  A science  cur- 
riculum that  emphasizes  such  concepts  as  that  some 
animals  are  useful  to  man  conveys  a very  different 
idea  of  science  from  that  conveyed  by  a curriculum  that 
says  that  no  two  offspring  of  an  animal  are  alike; 
differences  passed  on  from  generation  to  generation 
tend  to  accumulate,  so  that  over  millions  of  years  a 
tremendous  variety  of  living  things  has  evolved  on  the 
earth  ("Life  on  the  Earth,"  Book  6). 

Exposing  a pupil  to  the  "scientist's  science"  is  one 
way  of  widening  the  child's  appreciation  of  science. 
Another  way  is  to  include  a historical  perspective  of 
science.  In  Science  for  Tomorrow's  World,  for  ex- 
ample, as  children  find  out  how  man's  ideas  of  the 
solar  system  have  changed  over  the  centuries,  the  chil- 
dren come  to  view  science  as  a questing  for  better 
answers.  One  "Pathfinders  in  Science"  section  in  Book 
3 illustrates  how  the  genius  of  one  man,  Copernicus, 
caused  an  unwieldy  concept  of  what  is  happening  in 
the  world  of  nature  to  be  replaced  by  a more  lawful 
concept — one  that  fitted  the  facts  and  explained  the 
solar  system  more  simply. 

Still  another  way  of  conveying  to  pupils  that  sci- 
ence is  a search  for  laws  that  explain  events  in  the 
natural  environment  is  to  expose  the  children  to  the 
methods  of  science.  Beginning  with  Book  3 of  this 
series,  and  in  each  succeeding  book,  there  is  an  intro- 
ductory unit  that  conveys  to  pupils  what  the  scientist 
tries  to  do  and  how  he  goes  about  his  work.  The 
child  sees  the  importance  of  observation  at  every  point. 
From  observations  of  similar  situations,  he,  like  the 
scientist,  tries  to  extract  a kernel  of  knowledge,  a 
principle  that  has  wide  application.  The  kernel  is  a 
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hypothesis  only,  for  as  the  child  comes  to  realize,  a 
scientific  principle  is  tentative;  it  may  or  may  not  ex- 
plain new  observations,  and  so  ultimately  it  may  have 
to  be  discarded  for  a point  of  view  that  can  deal  more 
successfully  with  the  phenomena  to  be  understood. 
Over  and  over  again,  the  pupil  finds  out  how  man  has 
changed  his  viewpoint  on  many  things — the  nature  of 
changes  on  the  surface  of  the  earth  (Book  3),  the 
movement  of  the  planets  in  the  solar  system  (Books  3 
and  6),  what  light  really  is  (Books  4 and  6),  what 
all  matter  consists  of  (Books  4,  5,  and  6),  and  how 
magnetism  and  electricity  are  related  (Book  6). 

2  Lawful  change  is  characteristic  of  events  in  the 
natural  environment;  although  living  things  tend 
to  produce  living  things  like  themselves,  over  mil- 
lions of  years  the  earth  and  living  things  on  the 
earth  have  changed,  and  diversified  forms  of  life 
have  evolved. 

As  we  have  pointed  out,  even  the  young  child  is 
conscious  of  changes  in  the  natural  environment,  but 
he  lacks,  as  did  man  for  thousands  of  years,  the  his- 
torical perspective.  The  young  child  does  not  realize 
the  cumulative  effect  of  the  small  changes  that  he  sees 
going  on  about  him.  Waters  may  muddy  as  they  tear 
away  at  the  banks  of  a brook  or  a creek,  but  the 
child  does  not  see  that  a Grand  Canyon  is  ultimately 
produced  by  such  forces.  He  hears  of  a new  breed  of 
insect  that  is  immune  to  DDT,  but  he  does  not  see 
the  same  principle  at  work  producing  the  tremendous 
variety  of  living  things  in  existence  today. 

In  this  series,  throughout  each  of  the  books,  the 
child  is  exposed  to  the  concept  of  orderly  change.  This 
concept  of  orderly  change  over  an  extended  period  of 
time  begins  in  Book  2 with  the  account  of  the  life  cycle 
of  the  moth.  In  Book  3,  the  pupil  is  introduced  to  the 
notion  of  changes  in  living  things  and  in  the  surface 
of  the  earth,  while  in  later  grades  these  changes  are 
spelled  out  in  considerably  more  detail.  For  example, 


in  the  unit  entitled  "How  Animals  Behave"  (Book  6), 
the  reader  finds  out  how  two  separate  families,  dogs 
and  cats,  evolved  gradually  from  a common  ancestor. 

3  To  find  order  in  the  natural  environment,  the  sci- 
entist seeks  basic  units  that  can  be  put  together 
in  an  almost  infinite  variety  of  ways;  the  cell  and 
the  atom  are  examples  of  such  units. 

We  begin  the  development  of  this  concept  by  help- 
ing the  young  pupil  to  discover  the  fact  that,  like  all 
other  substances,  air  takes  up  space.  In  fact,  the  door 
of  an  "empty"  car  may  be  hard  to  close  because  of 
the  pressure  of  air  inside  the  car.  The  child  can  find 
out  more  about  the  "stuff"  of  which  air  is  made  by 
warming  the  air  in  a closed  glass  container  and 
watching  the  beads  of  water  collect  on  the  cover.  From 
such  experiences  he  discovers  that  matter  can  exist  in 
particles  that  are  too  small  to  be  seen  with  the  naked 
eye — particles  such  as  the  individual  molecules  of 
water  in  a cloud  of  water  vapor  or  the  individual 
cells  that  make  up  the  pupil's  body.  Beginning  in  grade 
4,  he  can  use  a magnifying  glass  to  make  some  very 
small  things  visible  and  to  examine  actual  cells  or 
pictures  of  cells  with  a microscope.  His  knowledge  of 
the  structure  of  the  cell  is  expanded,  bit  by  bit,  and 
the  bits  are  related  more  fully  in  a separate  unit  on 
cells  in  Book  5.  Similarly,  readiness  for  the  study  of 
the  atom  is  built  throughout  the  grades,  culminating 
in  the  chemistry  unit  in  Book  5. 

4  All  objects  in  the  universe  and  all  particles  of  mat- 
ter are  constantly  in  motion;  man  has  discovered 
and  stated  the  laws  governing  their  motion. 

The  study  of  the  basic  science  of  motion  begins  in 
Book  1.  Here  the  pupil  learns  that  things  do  not  start 
to  move  by  themselves:  A push  or  pull,  called  a 
force,  is  necessary  to  make  a thing  move.  As  the  pupil 
advances  to  Book  6,  page  106,  he  will  learn  the  formal 


name  for  the  principle  introduced  here — the  principle 
of  inertia — but  for  the  first  grade,  the  concept  is  de- 
veloped without  use  of  a formal  name.  The  second 
grade  pupil  learns  more  about  the  laws  of  motion: 
Once  an  object  is  moving,  it  continues  to  move  in  the 
same  direction  and  at  the  same  speed,  unless  another 
force  acts  upon  it;  for  example,  a passenger  in  a car 
continues  to  move  forward  when  the  car  stops  sud- 
denly, unless  a force  in  the  opposite  direction  is 
applied  by  an  opposing  object,  such  as  a seat  belt.  In 
Book  2,  he  also  discovers  that  a steady  force  on  an 
object  in  motion  will  make  the  object  speed  up.  In 
Book  5,  the  pupil  delves  into  the  discoveries  of  New- 
ton and  learns  that  an  object  shot  off  into  space  has 
two  kinds  of  force  acting  on  it — a forward  force,  caus- 
ing the  object  to  continue  in  the  same  path  and  at  the 
same  speed  at  which  it  started  (a  review  of  the  con- 
cept taught  in  Book  2),  and  a downward  force, 
resulting  from  the  force  of  gravity  (a  review  of  a con- 
cept taught  in  Book  3).  The  effect  of  these  two  kinds 
of  force  working  on  the  object  is  that  the  object  fol- 
lows a curved  path,  since  the  constant  forward  force 
of  the  object  is  continually  being  deflected  by  the 
constant  force  of  gravity. 

The  motions  of  heavenly  bodies  and  the  laws  gov- 
erning those  motions  are  also  presented  in  step-by-step 
fashion.  The  primary  grade  pupil  finds  out  how  move- 
ments of  the  earth  in  relation  to  the  sun  cause  daily 
and  seasonal  changes,  while  the  intermediate  grade 
child  studies  the  differing  theories  of  Ptolemy  and  Co- 
pernicus to  better  understand  the  motions  in  the  solar 
system.  The  movement  of  stars  as  a navigational  aid 
is  explained  in  Book  8,  and  the  meaning  and  use  of 
time  zones  is  included  in  Book  9. 

Not  only  are  the  motions  of  the  largest  objects  in 
the  universe  covered  by  this  key  concept,  but  so  also 
are  the  motions  of  the  smallest  particles.  In  grade  4, 
the  pupil  is  first  introduced  to  the  concept  of  molecules 
and  their  motion  in  moving  air.  The  grade  5 pupil 
learns  that  the  state  of  matter — solid,  liquid,  or  gas — 


is  determined  by  the  motion  of  molecules,  and  the 
grade  6 pupil  finds  out  about  the  rotations  of  elec- 
trons within  the  atom. 

The  study  of  motion  is  not  confined  to  the  physical 
sciences.  As  the  pupil  studies  the  circulation  of  blood 
(Books  3 and  5),  the  transportation  systems  of  plants 
(Books  4 and  6),  and  the  movement  of  materials  in  and 
out  of  cells  (Books  3,  4,  5,  and  6),  he  has  the  oppor- 
tunity to  apply  physical  principles  (such  as  the  concept 
of  diffusion)  to  the  functioning  of  living  organisms. 

5 The  motion  of  particles  helps  to  explain  such 
phenomena  as  heat,  light,  electricity,  magnetism, 
and  chemical  change. 

To  the  elementary  school  pupil,  it  may  seem  un- 
real that  the  particles  of  matter  in  all  objects  are  con- 
stantly in  motion.  It  may  be  hard  for  him  to  think  of 
his  desk,  for  example,  as  being  made  up  of  moving 
particles.  In  his  desk,  as  in  any  solid,  the  average  posi- 
tion of  the  particles  is  fixed;  they  cannot  move  past 
one  another,  although  they  can  vibrate.  But  if  the  pu- 
pil rubs  his  fist  hard  and  fast  over  the  surface  of  the 
desk,  the  spot  warms  up  as  the  particles  move  more 
rapidly  and  farther  apart.  He  can  infer  from  certain 
experiences — the  transfer  of  heat  from  warm  things  to 
cold  things,  the  expansion  of  hot  objects  and  the  con- 
traction of  cold  objects,  the  heating  up  of  a wire  carry- 
ing an  electric  current,  the  growing  of  a crystal  in  so- 
lution, the  process  of  chemical  change — that  particles 
do  exist  and  that  they  must  be  in  motion  to  produce 
the  phenomena  he  is  observing.  In  fact,  it  is  only  as 
the  pupil  becomes  aware  of  the  motion  of  molecules 
that  he  can  understand  such  phenomena  as  heat,  light, 
electricity,  magnetism,  and  chemical  change. 

Readiness  for  the  concept  of  molecular  activity  be- 
gins in  the  primary  grades.  In  Book  1,  the  child  dis- 
covers that  there  is  a relationship  between  tempera- 
ture and  rate  of  evaporation.  In  Book  2,  the  effect  of 
heat  upon  volume  of  gases  and  liquids  is  introduced, 


15 


16 


as  is  the  relationship  of  heat  to  changes  in  state  of 
matter  from  solid  to  liquid  to  gas.  In  Book  4,  the  pupil 
finds  out  about  electron  motion  in  current  electricity, 
and  in  Books  5 and  6,  he  learns  about  the  structure  of 
the  atom  and  the  concept  of  the  motion  of  particles 
applied  explicitly  to  heat,  light,  electricity,  magnetism, 
and  chemical  change. 

5 There  is  a basic  tendency  toward  stability  or  equi- 
librium in  the  universe;  thus,  energy  and  matter 
may  be  transformed,  but  the  sum  total  of  matter 
and  energy  is  conserved. 

Beginning  with  Book  2,  pupils  get  their  first  ex- 
posure to  one  of  the  key  concepts  of  science — conser- 
vation of  matter.  At  this  level,  pupils  discover  that  the 
matter  (a  ball  of  cookie  dough)  remains  the  same 
even  though  the  matter  may  be  transformed  in  appear- 
ance (made  into  cookies).  In  grade  3,  in  connection 
with  a study  of  changes  on  the  earth,  pupils  find  out 
that  while  a river  may  cut  deeper  and  deeper  into  its 
bed,  carrying  away  soil  in  the  process,  the  soil  that  is 
carried  away  does  not  dissolve  into  nothingness  in  the 
water.  The  soil  may  be  transported  and  dropped  at 
the  river's  mouth,  but  it  is  not  lost.  The  total  amount 
of  matter  in  the  system  at  any  point  in  the  transfor- 
mation remains  the  same. 

Similarly,  the  pupil  learns  that  energy  can  be 
transformed.  The  primary  child  can  understand  that 
energy  in  the  form  of  gasoline  in  the  tank  of  a car 
must  be  transformed  by  burning  if  the  car  is  to  be 
able  to  move.  In  the  same  way,  energy  is  produced  in 
the  body  when  food  is  burned  during  the  digestive 
process.  Furthermore,  there  is  a relationship  between 
the  amount  of  energy  available  to  do  work  and  the 
intake  of  fuel  or  food.  A car  without  gas  will  stop, 
and  a hungry  person  soon  becomes  tired.  Such  com- 
monplace, easily  understood  examples  provide  the 
basis  for  understanding  the  concept  that  although  man 
may  make  transformations  in  a system,  the  equation 


for  the  system  will  balance  at  the  end  of  the  trans- 
formation. 

7 When  equilibrium  is  upset  in  organism-environ- 
ment interactions,  regulatory  mechanisms  go  to 
work  to  restore  equilibrium. 

This  key  concept  involves  the  basic  tendency  of 
organisms  to  strive  for  equilibrium.  Temperature  regu- 
lation is  one  of  the  best-known  examples.  In  human 
beings,  equilibrium  with  respect  to  body  temperature 
exists  at  about  98.6°  F.  Evaporation  of  water  from  any 
surface  has  a cooling  effect.  When  the  body  becomes 
overheated,  we  perspire,  and  equilibrium  is  restored; 
when  the  body  is  chilled,  goose  bumps  on  the  skin 
reduce  the  exposure  of  blood  vessels  to  the  cold,  and 
body  heat  is  conserved.  When  equilibrium  in  body 
temperature  is  restored,  the  goose  bumps  subside. 

From  the  simplest  plants  and  animals  to  the  most 
complex,  we  can  find  illustrations  of  how  certain  mech- 
anisms go  to  work  to  restore  equilibrium  when  it 
has  been  upset.  These  mechanisms  serve  the  function 
of  helping  the  organism  to  survive. 

8 There  is  a relationship  between  structure  and  func- 
tion; the  structure  of  parts  of  living  organisms 
determines  the  function  of  those  parts. 

In  the  development  of  this  key  concept,  we  use  the 
same  approach  as  for  the  other  key  concepts  in 
Science  for  Tomorrow's  World.  We  begin  in  the  pri- 
mary grades  with  examples  of  the  relationship  between 
structure  and  function.  Even  the  first  grade  pupil  can 
observe  in  real  life  or  in  pictures  that  not  all  birds  can 
scoop  up  fish  from  the  sea  or  dig  for  insects  in  the 
trunk  of  a tree.  Observations  lead  to  the  concept  that 
the  beak  structure  of  a bird  enables  the  bird  to  obtain 
food  in  a special  way — a concept  that  leads  to  further 
observation  and  discovery  of  more  specifics.  For  the 
older  pupil,  the  relationship  is  stated  explicitly.  First 


the  pupil  is  exposed  to  many  examples:  in  the  unit  on 
“How  Animals  Behave"  (Book  6),  there  is  a detailed 
discussion  of  the  sensory  receptors  of  animals — from 
the  planarian  to  the  fish.  The  remarkable  chemical  re- 
ceptors of  the  male  fish  not  only  enable  it  to  detect 
male-female  differences  in  other  fish  of  the  same  spe- 
cies, but  also  to  detect  when  the  female  is  ready  to 
mate.  Even  the  simple  planarian,  as  pupils  can  ob- 
serve, uses  chemical  receptors  on  each  side  of  its  head 
to  detect  food,  waving  the  receptors  from  side  to  side 
to  find  the  greatest  source  of  stimulation.  Thus,  the 
key  concept  is  stated  for  the  pupils:  “The  way  in 
which  sensory  receptors  are  made  (their  structure)  is 
related  to  how  they  work."  The  pupils  are  then  asked 
to  apply  the  concept  to  any  independent  observations 
they  make  of  animals  not  discussed  in  the  text. 

9 The  scientist  has  developed  measures  of  space, 
time,  and  matter  so  that  he  can  communicate  ex- 
planations that  are  reproducible  and  make  pre- 
dictions about  events  in  the  natural  environment. 

That  there  is  a relationship  between  mathematics 
and  science  is  common  knowledge.  The  student,  how- 
ever, should  be  encouraged  to  deal  with  the  relation- 
ship well  before  he  has  to  use  calculus  in  high  school 
physics;  as  is  true  for  other  key  concepts  in  the  basic 
structure  of  science,  readiness  should  begin  in  the  pri- 
mary grades. 

The  first  step  in  a pupil's  appreciation  of  the  rela- 
tionship between  mathematics  and  science  is  to  have 
him  quantify  his  data.  This  can  begin  in  the  first 
grade.  A pupil  learns  that  a seesaw  is  in  equilibrium 
when  the  same  number  of  books  of  equal  size  and 
weight  are  placed  equidistant  on  both  sides  of  the  ful- 
crum. Through  experience,  he  learns  to  coordinate 
weight  and  distance  in  a systematic  way;  a large  weight 
at  a small  distance  on  one  side  balances  a small  weight 
at  a large  distance  on  the  other  side.  Quantification  of 
data  extends  to  record  keeping,  and  record  keeping 
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involving  two  variables  is  encouraged.  In  Book  2,  for 
example,  pupils  learn  to  keep  a record  of  the  tempera- 
tures of  jars  of  water  that  have  been  covered  with 
materials  of  different  colors.  The  children  also  learn 
to  record  the  length  of  time  that  the  jars  are  kept  in 
the  sun.  Thus,  both  temperature  and  time  are  recorded. 
The  important  mathematical  concept  of  function — 
that  a change  in  one  variable  can  result  from  a change 
in  another — receives  reinforcement  here.  Record  keep- 
ing in  the  form  of  a double-entry  table  is  encouraged. 
Use  of  such  tables  need  not  be  postponed  until  the 
upper  grades;  even  a pupil  in  the  second  grade  can 
learn  to  read  a double-entry  table,  as  well  as  to  classify 
certain  objects  in  terms  of  size  and  weight: 


SIZE 


Small 

Large 

Light 

1 

Heavy 

1 

1 

This  chart,  for  example,  shows  that  of  the  objects 
to  be  classified,  two  are  small  and  light,  one  is  large 
and  light,  three  are  small  and  heavy,  and  two  are 
large  and  heavy. 

Many  experiences  of  this  kind  help  the  pupil  to 
develop  the  mental  agility  needed  to  deal  with  con- 
cepts involving  two  variables.  Thus,  in  Science  for  To- 
morrow's World,  speed  is  defined  in  terms  of  distance 
covered  in  a certain  length  of  time;  density  is  defined 
by  the  amount  of  matter  contained  in  a given  volume 
of  space;  force  is  defined  by  the  relationship  between 
mass  and  acceleration.  The  pupil  who  can  see  such 
concepts  on  a graph  is  clearly  better  equipped  to  deal 
with  these  concepts.  He  can  think  more  understand- 
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ingly  about  them  because  his  mind  has  been  trained 
to  think  in  this  fashion  during  the  period  of  his  ele- 
mentary school  years. 

Two  units  in  particular  in  Science  for  Tomorrow's 
World  are  devoted  to  the  relationship  between  mathe- 
matics and  science.  Book  5 contains  a unit  on  "Testing 
Ideas,"  which  introduces  pupils  to  probability  theory; 
an  entire  unit  in  Book  6 is  devoted  to  developing  the 
concepts  of  "a  unit  of  measurement"  and  the  "mean- 
ing and  methods  of  measuring  space,  time,  and  mat- 
ter." 


10 


Man  has  changed  and  continues  to  change  the 
natural  environment;  but  because  he  is  often 
ignorant  of  long-range  consequences,  his  actions 
may  have  harmful  effects  for  himself  and  for 
other  living  organisms. 


One  of  the  basic  problems  facing  modern  man  is 
that  of  maintaining  a dynamic  equilibrium  with  his 
environment.  It  is  commonplace  today  to  point  out  the 
rapid  pace  at  which  man  is  depleting  elements  of  his 
environment.  Water  and  air  pollution,  overpopulation, 
and  improper  use  of  chemicals  are  only  a few  of  the 
many  problems  that  man  must  solve  if  he  is  to  function 
at  an  optimum  level  in  the  world  of  nature.  Many  such 
problems  arise  because  man  does  not  foresee  the  long- 
range  consequences  of  his  actions.  For  example,  no 
one  was  able  to  predict  that  the  wholesale  use  of  DDT 
for  the  spraying  of  insects  would  result  in  the  killing  of 
many  birds,  or  that  the  clam  and  oyster  industries 
along  parts  of  the  Atlantic  seaboard  would  be  threat- 
ened by  the  dumping  of  wastes  into  coastal  waters. 
Man  must  begin  to  develop  foresight  if  he  is  to  sur- 
vive; he  must  become  more  concerned  with  the  total 
natural  environment. 

There  are  moral  and  philosophical,  as  well  as  sci- 
entific, considerations  involved  in  the  above  key  con- 
cept about  man  and  the  natural  environment,  and 
obviously  tjie  elementary  school  child  is  not  equipped 


to  deal  with  them.  But  even  a second  grade  pupil  is 
capable  of  understanding  that  living  things  need  air, 
water,  food,  and  proper  temperatures  to  survive.  He 
can  find  out  by  experimentation  what  happens  to 
plants  deprived  of  one  or  more  of  these  essentials  of 
life.  Third  grade  children  can  learn  what  is  needed  to 
make  safe  drinking  water  and,  also,  how  man  has  con- 
tributed to  water  pollution.  By  the  fifth  and  sixth 
grades,  pupils  are  ready  for  a study  in  greater  depth 
of  some  of  the  many  other  problems  of  man's  own 
making  ("Life  on  the  Earth,"  Book  6).  Of  course, 
pupils  cannot  arrive  at  solutions  to  these  problems, 
but  the  teacher  can  create  a climate  of  opinion  so  that 
in  later  years,  as  adults,  these  same  pupils  will  be 
more  aware  of  both  the  necessity  of  managing  natural 
resources  with  greater  intelligence  and  the  long  and 
thorough  pilot  studies  that  are  needed  before  any  new 
products  and  solutions  can  receive  full-scale  ap- 
plication. 

The  ten  key  concepts  that  we  have  discussed  form 
the  structure  of  science  in  The  Macmillan  Science 
Series.  Two  things  are  worth  emphasizing  about  these 
key  concepts.  The  first  is  that  all  of  the  structure  of 
science  can  be  set  forth  in  so  short  a list;  the  second 
is  that  there  is  considerable  agreement  among  scien- 
tists that  these  ten  key  concepts  actually  do  structure 
science.  The  reader  may  be  interested  in  comparing  the 
key  concepts  basic  to  The  Macmillan  Science  Series 
with  the  set  of  propositions  published  by  the  National 
Science  Teachers  Association.  These  propositions  are 
the  result  of  extensive  studies  concerning  the  question 
of  what  to  teach  elementary  school  children.  These 
studies  were  carried  out  by  scientists  and  teachers 
working  together.  The  following  list,  quoted  from 
Theory  into  Action,  published  by  the  National  Science 
Teachers  Association,  Washington,  D.C.,  (1964)  repre- 
sents seven  conceptual  schemes  and  five  major  items 
in  the  process  of  science  that  were  tentatively  defined 
by  the  NSTA  Committee  as  constituting  the  structure 
of  science. 


7.  All  matter  is  composed  of  units  called  fun- 
damental particles;  under  certain  conditions, 
these  particles  can  be  transformed  into  energy, 
and  vice  versa. 

2.  Matter  exists  in  the  form  of  units  which  can 
be  classified  into  hierarchies  of  organizational 
levels. 

3.  The  behavior  of  matter  in  the  universe  can 
be  described  on  a statistical  basis. 

4.  Units  of  matter  interact.  All  ordinary  inter- 
actions are  either  electromagnetic,  gravita- 
tional, or  nuclear  forces. 

5.  All  interacting  units  of  matter  tend  toward 
equilibrium  states  in  which  the  energy  content 
. . . is  at  a minimum  and  the  energy  distribution 
. . . is  most  random.  In  the  process  of  attaining 
equilibrium,  energy  transformations  or  matter 
transformations  or  matter-energy  transforma- 
tions occur.  Nevertheless,  the  sum  of  energy 
and  matter  in  the  universe  remains  constant. 

6.  One  of  the  forms  of  energy  is  the  motion 
of  units  of  matter.  Such  motion  is  responsible 
for  heat  and  temperature  and  for  the  states 
of  matter:  solid,  liquid,  and  gas. 

7.  All  matter  exists  in  time  and  space,  and, 
since  interactions  occur  among  its  units,  matter 
is  subject  in  some  degree  to  changes  with  time. 
Such  changes  may  occur  at  various  rates  and 
in  various  patterns. 

The  following  are  the  five  major  items  identified 
as  essential  to  the  process  of  science: 

7.  Science  proceeds  on  the  assumption,  based 
on  centuries  of  experience,  that  the  universe 
is  not  capricious. 

2.  Scientific  knowledge  is  based  on  observa- 
tions of  samples  of  matter  that  are  accessible 
to  public  investigation  in  contrast  to  purely 
private  inspection. 


3.  Science  proceeds  in  piecemeal  manner, 
even  though  it  also  aims  at  achieving  a sys- 
tematic and  comprehensive  understanding  of 
various  sectors  or  aspects  of  nature. 

4.  Science  is  not,  and  will  probably  never  be, 
a finished  enterprise,  and  there  remains  very 
much  more  to  be  discovered  about  how  things 
in  the  universe  behave  and  how  they  are  inter- 
related. 

5.  Measurement  is  an  important  feature  of 
most  branches  of  modern  science  because  the 
formulation  as  well  as  the  establishment  of 
laws  is  facilitated  through  the  development 
of  quantitative  distinctions. 

SEQUENCE  IN  THE  SCIENCE  CURRICULUM 

The  task  of  curriculum  building  in  science  in- 
cludes a number  of  steps,  the  first  of  which  is  the 
identification  of  the  key  concepts  that  together  add  up 
to  an  understanding  of  the  meaning  of  science.  These 
key  concepts  have  already  been  discussed.  We  have 
included  in  Science  for  Tomorrow's  World,  at  the  vari- 
ous grade  levels,  illustrations  of  these  key  concepts 
so  that  the  children  may  see  them  materialized  in 
learning  situations.  However,  it  is  also  essential  that 
each  key  concept  systematically  be  broken  down  into 
smaller  pieces  of  relevant  information.  These  smaller 
pieces  must  be  arranged  in  sequential  order  from 
simple  to  the  more  complex,  and  the  pieces  must  be 
assigned  to  proper  grade  levels. 

A well-constructed  development  of  concepts, 
taught  in  "spiral  fashion"  throughout  the  elementary 
school  years  (reinforcing  every  other  year  or  two  what 
has  been  learned  earlier,  and  then  advancing  to  a 
higher  level  of  understanding)  is  essential  for  a mean- 
ingful understanding  of  science.  The  charts  on  the 
next  two  pages  illustrate  the  sequence  that  has  been 
developed  in  Science  for  Tomorrow's  World. 
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Events  in  the  natural  environment  happen  in  an  orderly  rather  than  a haphazard 
way;  man  searches  for  laws  to  explain  this  order  by  observing,  hypothesizing, 
checking  his  ideas,  and  rejecting  those  which  do  not  square  with  reality. 


2 Lawful  change  is  characteristic  of  events  in  the  natural  environment;  although 
living  things  tend  to  produce  living  things  like  themselves,  over  millions  of 
years  the  earth  and  living  things  on  the  earth  have  changed,  and  diversified 
forms  of  life  have  evolved. 

3 To  find  order  in  the  natural  environment,  the  scientist  seeks  basic  units  that 
can  be  put  together  in  an  almost  infinite  variety  of  ways;  the  cell  and  the 
atom  are  examples  of  such  units. 

4 All  objects  in  the  universe  and  all  particles  of  matter  are  constantly  in  motion; 
man  has  discovered  and  stated  the  laws  governing  their  motion. 

5 The  motion  of  particles  helps  to  explain  such  phenomena  as  heat,  light, 
electricity,  magnetism,  and  chemical  change. 
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g There  is  a basic  tendency  toward  stability  or  equilibrium  in  the  universe;  21 

thus,  energy  and  matter  may  be  transformed,  but  the  sum  total  of  matter 
and  energy  is  conserved. 

7 When  equilibrium  is  upset  in  organism-environment  interactions,  regulatory 
mechanisms  go  to  work  to  restore  equilibrium. 

g There  is  a relationship  between  structure  and  function;  the  structure  of  parts 
of  living  organisms  determines  the  function  of  those  parts. 

9 The  scientist  has  developed  measures  of  space,  time,  and  matter  so  that  he 
can  communicate  explanations  that  are  reproducible  and  make  predictions 

about  events  in  the  natural  environment.  * 

10  Man  has  changed  and  continues  to  change  the  natural  environment;  but  be- 
cause he  is  often  ignorant  of  long-range  consequences,  his  actions  may  have 
harmful  effects  for  himself  and  for  other  living  organisms. 
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TEACHING  UNITS 

Once  major  generalizations  have  been  identified 
and  the  flow  of  ideas  from  grade  to  grade  is  roughed 
out,  it  then  becomes  necessary  to  plan  teaching  units 
suitable  to  the  developmental  level  of  the  child.  Each 
unit  covers  a period  of  instruction  varying  in  length 
from  two  to  four  weeks.  Such  an  arrangement  of  text 
material  in  eight  or  nine  major  blocks  of  subject  mat- 
ter permits  more  efficient  teaching  and  learning  than 
when  a text  is  divided  into  thirty  chapters  with  a dif- 
ferent topic  for  each  chapter.  Under  the  unit  arrange- 
ment the  teacher  does  not  shift  gears  every  few  days, 
having  to  gather  equipment  with  each  shift  as  well  as 
having  to  reorient  pupils'  thinking. 

The  Table  of  Contents,  which  lists  the  titles  of 
each  unit  of  the  first  six  books,  is  reproduced  in  Part 
IV.  By  looking  at  the  titles,  a teacher  can  tell  at  a 
glance  whether  or  not  the  pupils  have  had  any  previ- 
ous exposure  to  a particular  area.  The  sequence 
charts  on  page  20  will  reveal  the  amount  and  quality 
of  the  exposure. 

An  examination  of  the  titles  reveals  some  immedi- 
ately familiar  areas  in  science  education.  Such  topics 
as  "Probing  the  Atmosphere,"  "Living  Things — Green 
Plants,"  "Light  and  Sight,"  and  "Using  Electricity" 
have  been  part  of  the  elementary  science  curriculum 
for  many  years;  although,  as  has  already  been  pointed 
out,  the  specifics  taught  under  each  topic  have  often 


been  different.  In  studying  about  light,  for  example, 
the  children  do  not  learn  only  that  light  is  made  up  of 
particles  traveling  in  a straight  line;  the  children  also 
learn  that  light  particles  travel  in  a wave  motion,  simi- 
lar to  the  motion  of  a water  wave  when  a pebble  is 
dropped  into  a pond.  Elements  of  key  concepts  are 
built  into  the  topics,  so  that,  although  the  topic  itself 
is  not  new  to  the  curriculum,  each  element  becomes 
a vehicle  for  teaching  the  structure  of  science  from  a 
contemporary  point  of  view. 

Some  topics  reveal  new  developments  in  the  sci- 
ences. Conservation  of  water  resources  and  problems 
of  air  pollution  are  being  emphasized  today  as  much 
as  conservation  of  soil  was  emphasized  a few  decades 
ago.  This  trend  is  reflected  in  the  unit  "Life  on  the 
Earth"  (Book  6).  Oceanography,  for  another  exam- 
ple, is  a rapidly  expanding  field  of  knowledge.  With 
so  many  basic  scientific  data  now  known  about  life 
in  the  sea,  ocean  currents,  salinity,  and  the  geology  of 
the  ocean  floor,  the  study  of  oceanography  well  de- 
serves a place  in  the  elementary  science  curriculum. 
The  picture  story  "Probing  the  Oceans"  (Book  5)  high- 
lights the  work  of  oceanographers  at  the  Woods  Hole 
Oceanographic  Institution,  Woods  Hole,  Massachu- 
setts, and  will  stimulate  interest  in  this  exciting  field. 
Similarly,  the  stepped-up  pace  of  man's  exploration  of 
space  leads  not  only  to  the  inclusion  of  space  travel, 
but  also  to  an  increased  emphasis  on  the  science  of 
astronomy. 
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PART  II:  HOW  CHILDREN  ACQUIRE  SCIENCE  KNOWLEDGE: 
A DEVELOPMENTAL  APPROACH 


For  any  discussion  of  how  children  acquire  science 
knowledge,  educators  today  lean  heavily  on  the 
work  of  Jean  Piaget,  a Swiss  psychologist  who  has 
been  working  with  his  collaborators  in  Geneva  for 
over  40  years  on  the  study  of  cognitive  processes.  Cog- 
nitive processes  are  those  intellective  processes  by 
which  knowledge  is  acquired.  Piaget  has  developed  a 
theory  of  how  these  processes  begin  in  infancy  and 
how  they  change  as  the  child  matures.  His  theory  is 
a developmental  one;  characteristics  of  children's 
thinking  are  described  in  age-related  stages.  On  the 
basis  of  Piaget's  theory,  we  can  predict  the  thought 
processes  of  children  within  a certain  age  range.  There 
are,  of  course,  individual  differences  in  maturity  of 
thinking;  some  children,  because  of  heredity  and  ex- 
perience, are  more  advanced  than  others;  but,  accord- 
ing to  Piaget,  the  thinking  of  all  children  tends  to  go 
through  the  same  stages  and,  on  the  average,  when 
they  are  at  the  same  age. 

Piaget's  description  of  developmental  stages  in 
children's  thinking  has  generated  a tremendous 
amount  of  research  on  both  sides  of  the  Atlantic. 
Many  investigators  have  worked  on  the  problem  of 
whether  or  not  his  theory  is  a valid  one.  The  conclu- 
sion to  date  is  affirmative;  the  same  stages  characterize 
the  thinking  of  Swiss,  Norwegian,  English,  French, 
Canadian,  and  American  children.  In  fact,  when  the 
tests  developed  by  Piaget  and  his  chief  collaborator, 
Barbel  Inhelder,  are  given  to  subjects  in  different 
countries,  investigators  report  that  translations  show 
almost  identical  wording  in  children's  answers.  Ameri- 
can cognitive  psychologists,  like  Jerome  Bruner  of 
Harvard  University,  have  extended  and  refined  Pia- 
get's theory,  so  that  today  we  have  a well-constructed 
and  validated  model  of  the  thinking  processes  involved 
in  the  acquisition  of  knowledge.  An  understanding  of 


how  children  acquire  knowledge  is  basic  to  improve- 
ment of  the  teaching-learning  process;  we  cannot  help 
children  to  become  better  thinkers  unless  we  know 
something  about  thinking  processes  and  how  they 
change  with  age,  nor  can  we  construct  effective  text- 
books without  taking  into  account  developmental 
changes  in  cognition. 

How  can  we  put  the  findings  of  Piaget  and  other 
cognitive  psychologists  to  work  in  teaching  science? 
As  we  have  pointed  out,  one  of  the  aims  of  science 
educators  is  to  teach  the  methods  of  science,  to  teach 
the  child  to  use  the  same  logical  processes  of  thinking 
that  a scientist  uses  to  solve  problems.  For  too  long, 
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teaching  the  methods  of  science  has  meant  teaching 
children  to  follow  a formula:  Observe;  Hypothesize; 
Test;  Evaluate.  The  formula  is  still  valid,  but  it  is  not 
enough.  The  child  in  primary  grades  does  observe, 
but,  as  we  know  from  Piaget's  work,  he  is  likely  to 
focus  on  the  wrong  property  of  an  object  or  event 
as  he  observes.  Similarly,  the  pupil  in  intermediate 
grades  does  hypothesize,  but  if  he  picks  out  the  wrong 
variable  for  testing,  he  doesn't  know  what  to  do  next. 
Nor  does  he  know  what  to  do  next  if  he  gets  positive 
results  from  testing,  for  he  doesn't  know  the  specifics 
of  "Evaluate";  he  doesn't  know,  for  example,  that  he 
must  test  for  exclusion  of  other  variables. 

In  developing  Science  for  Tomorrow's  World  we 
set  as  goals  that  the  texts  should  not  only  help  the 
child  build  a structure  of  science  (the  scientist's  sci- 
ence), but  should  also  develop  logical  thought  proc- 
esses. We  believe  that  the  study  of  science  can  help 
children  become  better  thinkers,  but  that  there  must 
be  deliberate  planning  to  achieve  this  end;  the  im- 
provement of  thinking  processes  should  not  be  left  to 
chance.  Guided  by  the  discoveries  of  Piaget  and  other 
cognitive  psychologists,  we  have  used  content,  activi- 
ties, and  illustrations  in  the  series  to  foster  logical 
thinking.  We  will  now  discuss  what  is  known  about 
the  normal  course  of  intellective  development,  before 
discussing  how  that  knowledge  can  be  put  to  use  in 
teaching  science. 

For  Piaget  the  development  of  intelligence  begins 
as  early  as  the  cradle  stage  and  continues  through 
stages  from  birth  to  maturity.  The  first  stage  Piaget 
calls  the  sensorimotor.  The  infant  comes  into  the  world 
with  two  kinds  of  reflexes:  those,  such  as  the  knee- 
jerk,  that  are  not  altered  by  experience,  and  others, 
such  as  grasping  and  sucking,  that  are  modified  as  the 
infant  exercises  them.  The  modification  occurs 
through  assimilation  and  accommodation.  The  infant, 
for  example,  accommodates  the  grasping  reflex  to  the 
shape  of  the  object  to  be  grasped,  curving  his  fingers 
one  way  to  grasp  a long  narrow  object,  and  in  a dif- 


ferent way  to  grasp  a ring.  During  the  first  18 
months,  the  infant  carries  on  countless  transactions 
involving  space,  time,  matter,  and  causality  which 
build  and  reshape  developing  mental  structures.  Wit- 
ness what  happens  with  respect  to  the  notion  of  perma- 
nence of  object.  To  the  2-month-old  infant,  the  game 
of  peek-a-boo  is  meaningless;  for  him  an  object  ceases 
to  exist  when  it  disappears  from  view,  and  out-of-sight 
is  out-of-mind.  Later  in  the  first  year  of  life,  the  infant 
knows  that  an  object  continues  to  exist  and  delights 
in  searching  for  it  when  it  is  hidden.  He  "knows,"  not 
in  words,  but  in  his  sensorimotor  system,  in  much  the 
same  way  that  we  may  "know"  how  to  find  our  way 
through  a still  strange  building  the  second  time.  For 
Piaget,  sensorimotor  intelligence  is  the  intelligence  of 
action.  The  infant  must  first  carry  out  displacements 
in  his  actions,  rather  than  in  thought.  If  an  object  is 
hidden  first  in  one  place  and  then  another  while  the 
toddler  looks  on,  he  must  carry  on  a physical  search 
for  that  object,  going  from  cushion  to  cushion;  he  can- 
not sit  back  and  point  triumphantly  to  where  the  ob- 
ject is,  for  he  cannot  visualize  its  displacement  in  his 
mind.  However,  by  18  months  the  child  is  capable  of 
representation,  of  imagining  the  environment  other 
than  as  he  directly  perceives  it. 

The  next  stage,  the  preoperational,  extends  from 
18  months,  roughly,  to  about  7 years.  It  is  in  this 
stage  that  we  find  most  first  and  second  grade  chil- 
dren— and,  of  course,  some  children  even  older  than 
7 years.  This  stage  is  called  "preoperational"  because 
the  child  does  not  use  logical  operations  in  his  think- 
ing. We  can  summarize  the  characteristics  of  pupils' 
thinking  at  this  level  as  follows: 

1.  The  child  is  perceptually  oriented;  he  makes 
judgments  in  terms  of  how  things  look  to  him.  When 
given  a problem  in  which  two  lines  of  ten  segmented 
sticks  of  equal  length  are  laid  out  in  parallel  rows,  he 
will  see  that  both  lines  are  equal.  He  will  see  that  two 
dolls,  walking  along  these  paths,  would  each  walk  the 
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same  total  distance.  But  if  one  of  the  rows  is  rear- 
ranged in  a zig-zag  fashion,  when  the  child  is  again 
asked  if  each  doll  takes  as  long  a walk  as  the  other, 
the  child  says,  "No."  Even  when  he  counts  the  seg- 
ments, he  denies  equality;  the  child  does  not  see  that 
there  is  a logical  necessity  in  which  ten  must  equal 
ten.  Piaget  has  shown  that  this  same  type  of  perceptual 
judgment  enters  into  the  preoperational  child's  think- 
ing about  space,  time,  number,  and  causality.  It  is 
only  as  the  child  goes  beyond  his  perceptions  to  per- 
form displacements  upon  the  data  in  his  mind  (for 
example,  visualizing  the  second  row  of  sticks  straight- 
ened out  again)  that  conservation  appears. 

2.  The  child  centers  on  one  variable  only,  usually 
the  variable  that  stands  out  visually;  he  lacks  the  abil- 
ity to  coordinate  variables.  For  example,  a kinder- 
garten child  is  pouring  juice  into  paper  cups.  The 
standard-size  cups  run  out,  and  the  teacher  substitutes 
some  that  are  much  higher  but  are  also  smaller  in 
diameter.  As  the  children  drink  their  juice,  several 
comment  on  the  fact  that  Jimmy,  Eddie,  and  Danny 
have  more  juice.  Why?  Because  those  children  have 
cups  that  are  taller.  The  dimension  of  height,  not 
width,  stands  out.  The  child's  thinking  is  rigid;  he 
does  not  perform  operations  on  what  he  sees.  Later  he 
will  reason  that  "higher  than"  is  compensated  for  by 
"skinnier  than,"  and  that  both  kinds  of  cups  may  hold 
the  same  amount  of  juice.  This  ability  to  see  reciprocal 
changes  in  two  sets  of  data  is  an  important  logical 
tool  available  to  older  children  but  not  to  the  pre- 
operational child. 

3.  The  child  has  difficulty  in  realizing  that  an  ob- 
ject can  possess  more  than  one  property,  and  that 
multiple  classifications  are  possible.  It  is  hard  for  the 
child  to  see  that  one  can  live  in  Los  Angeles  and  in 
California  at  the  same  time,  that  a bird  is  also  an 
animal,  and  that,  since  there  are  animals  other  than 
birds,  there  are  logically  more  animals  in  the  world 


than  there  are  birds.  The  operation  of  combining  ele- 
ments to  form  a whole  and  then  seeing  a part  in  rela- 
tion to  the  whole  has  not  as  yet  developed,  and  so 
hierarchical  relationships  cannot  be  mastered. 

So  far,  this  consideration  of  preoperational  think- 
ing has  been  largely  negative.  We  have  seen  that  the 
child  lacks  the  ability  to  combine  parts  into  a whole, 
to  put  parts  together  in  different  ways,  and  to  reverse 
processes.  What,  then,  can  the  child  do?  The  develop- 
ment of  logical  processes  is  not  at  a standstill  during 
this  period;  there  are  some  positive  accomplishments. 
We  see,  for  example,  the  rudiments  of  classification: 
the  child  can  make  collections  of  things  on  the  basis 
of  some  criterion;  he  can  also  shift  that  criterion.  Thus 
if  we  present  a kindergarten  child  with  a collection 
of  pink  and  blue  squares  and  circles,  some  large  and 
some  small,  and  ask  him  to  sort  them  into  two  piles 
with  those  in  each  pile  being  alike  in  some  way,  he 
can  usually  make  two  different  collections  on  the 
bases  of  color  and  shape  (a  few  children  discover  the 
third  criterion  of  size).  Such  an  ability,  of  course,  is 
essential  to  the  formation  of  classes  and  eventually 
of  a hierarchy  of  classes. 

The  child  is  also  beginning  to  arrange  things  in 
a series.  He  can  compare  two  members  of  a set  when 
they  are  in  a consecutive  order;  he  knows  that  Tues- 
day comes  after  Monday.  But  since  Friday  comes  after 
Tuesday,  which  is  after  Monday,  does  Friday  also 
come  after  Monday?  This  operation,  involving  seeing 
logical  relations  between  things  or  events  that  are  ar- 
ranged in  a series,  is  not  yet  possible  to  the  preopera- 
tional child,  but  experiences  with  seriation  are  pre- 
paratory to  the  development  of  such  operations.  The 
"inching  up"  that  an  older  pupil  does  in  trying  to  es- 
tablish equilibrium  between  two  parts  of  a physical 
system  (add  a little  to  one  side;  then  add  a little  to 
the  other)  is  an  example  of  a more  sophisticated  use 
of  seriation. 

Between  7 and  11  years  of  age  on  the  average, 


as  the  child  assimilates  information  from  his  actions 
and  accommodates  mental  structures  to  the  new  infor- 
mation, thinking  processes  change.  The  child  aban- 
dons his  perceptual  judgments  and  thought  takes  on 
certain  logical  properties.  Piaget  calls  this  stage  the 
stage  of  concrete  operations,  because,  while  the  child 
uses  logical  operations,  the  content  of  his  thinking  is 
concrete  rather  than  abstract.  One  of  the  mental  op- 
erations that  develops  is  that  of  combining  elements; 
the  child  begins  to  put  two  and  two  together  figura- 
tively as  well  as  literally.  He  uses  this  combining  oper- 
ation to  discover  (though  not  until  toward  the  end  of 
this  stage)  that  a substance  like  sugar  added  to  water 
will  make  the  water  level  rise,  and  that  the  water  level 
will  stay  up  even  after  the  sugar  dissolves.  It  dawns 
on  the  pupil  that  matter  combined  with  matter  pro- 
duces more  matter,  that  matter  doesn't  disappear  into 
nothingness. 

Another  property  of  logical  thought  is  that  ele- 
ments of  a whole  can  be  associated  in  various  ways 
without  changing  the  total.  Thus,  in  the  problem  of 
the  segmented  sticks,  the  segments  can  be  "associated" 
in  a straight  line  or  zig-zag  line,  but  the  total  distance 
of  the  path  to  be  covered  remains  the  same,  or  is  con- 
served. And  in  studying  science,  the  pupil  can  use  the 
associative  operation  to  discover  how  to  keep  a system 
in  equilibrium — how,  for  example,  when  a muscle  is 
flexed,  it  becomes  shorter  but  thicker;  when  relaxed, 
it  is  longer  but  thinner.  In  each  case,  the  total  amount 
of  muscle  remains  the  same;  the  amount  of  matter  is 
conserved,  though  its  shape  is  changed. 

A third  property  of  logical  thought  is  that  of  iden- 
tity. The  identity  operation  is  basically  a null  opera- 
tion; the  child  can  mentally  cancel  out  the  effects  of 
any  operation  by  combining  it  with  its  opposite.  He 
uses  such  an  identity  operation  to  reason  that  the  ef- 
fects of  adding  a force  to  one  side  of  a balanced  tug- 
of-war  can  be  canceled  out  by  adding  a force  to  the 
other  side  (at  the  preoperational  stage,  he  could  solve 
the  problem  only  by  taking  away  the  extra  force  that 


had  been  added).  The  pupil  can  also  reason,  as  he 
thinks  about  a flexed  muscle,  that,  since  nothing  has 
been  added  to  the  muscle  and  nothing  has  been  taken 
away,  then  quantity  of  matter  is  identical  before  and 
after  the  flexing.  An  extension  of  the  identity  opera- 
tion is  the  one-to-one  correspondence  a pupil  carries 
on  to  establish  identity  between  two  sets.  Is  the  spider 
an  insect?  The  pupil  must  compare  each  characteristic 
in  the  set  of  insect  characteristics  with  each  in  the 
spider  set,  on  a one-to-one  basis,  to  answer  the 
question. 

Of  all  of  the  properties  of  logical  thinking,  one  of 
the  most  critical  to  develop  is  that  of  reversibility. 
Every  change  that  the  mind  makes  upon  sensory  data 
is  reversible.  The  child  can  mentally  rearrange  the 
sticks  in  the  zig-zag  line,  putting  them  back  the  way 
they  were,  to  see  that  length  is  conserved.  Similarly, 
a pupil  can  solve  the  problem  of  whether  matter  in 
a total  system  is  conserved  when  a river  carries  away 
soil  and  deposits  it  in  the  river  delta  by  reversing  the 
depositing  process.  (See  Book  3,  Unit  3.) 

A good  deal  of  the  research  of  Piaget  and  Inhelder 
on  how  children  think  about  problems  has  centered 
on  conservation  problems  in  which  matter,  weight,  or 
volume  is  conserved  with  a change  in  form.  Results 
show  that  children  achieve  conservation  during  the 
stage  of  concrete  operations,  but  that  some  conserva- 
tion problems  are  easier  than  others.  Conservation  of 
length  (the  segmented  sticks)  appears  first,  followed 
in  turn  by  conservation  of  matter  (pouring  sand  into 
containers  of  different  shapes)  and  conservation  of 
weight.  Conservation  of  volume  (dissolution  of  sugar 
in  water)  is  most  difficult,  appearing  at  about  11 
years. 

The  operations  described  above  characterize  the 
thought  processes  of  the  child  during  the  elementary 
school  years,  but  beginning  at  about  12  years,  there 
are  further  changes  that  occur  in  modes  of  thinking. 
Thinking  is  less  tied  to  the  concrete  and  becomes  more 
abstract  and  formal.  Piaget  describes  it  as  proposi- 


tional  thinking.  The  pupil  can  state  propositions  in 
terms  of  the  variables  he  has  identified  and  can  then 
systematically  combine  the  propositions  so  as  to  test 
all  possible  combinations.  To  reveal  thinking  proc- 
esses, a pupil  is  presented  in  one  of  Piaget's  tests  with 
four  flasks  containing  colorless,  odorless  liquids  that 
look  exactly  the  same,  plus  a bottle  containing  potas- 
sium iodide  (not  identified  for  him).  He  is  shown  that 
a few  drops  from  the  bottle  can  turn  the  proper  (but 
unknown  to  him)  mixture  of  liquids  yellow,  and  he  is 
asked  to  reproduce  the  process.  If  the  pupil  is  at  the 
formal  stage  of  thought,  his  statements  will  reveal  cer- 
tain characteristics  of  thinking  not  found  in  younger 
children.  For  example,  he  will  say,  “If  this  stuff  in  the 
bottle  is  plain  water,  then  when  I put  it  with  a mixture 
from  the  first  and  second  flasks,  it  shouldn't  make 
them  turn  yellow."  In  effect  he  is  stating  a hypothesis 
for  testing,  “If  it's  water,  it  wouldn't  do  this,"  or  that 
one  statement  logically  implies  another.  At  the  con- 
crete stage,  the  pupil  says,  “I'll  put  this  and  this  to- 
gether and  see  what  happens." 

There  are  four  ways  in  which  propositions  can  be 
combined.  We  can  combine  by  conjunction,  as  when 
we  say,  “It's  got  to  be  this  and  this";  by  disjunction: 
“It's  got  to  be  this  or  this";  by  negation:  "It's  neither 
this  nor  this";  and  by  implication:  "If  it's  this,  then 
this  will  be  true."  Let's  suppose,  for  example,  that  a 
sixth  grade  child  is  interested  in  the  problem  of  what 
attracts  certain  insects  to  flowers;  two  possibilities  are 
design  and  color.  How  to  combine  the  two?  At  the 
formal  stage  of  thinking,  the  learner  can  systematically 
test  all  the  possibilities  by  asking: 

Is  it  color  and  not  design? 

If  it's  not  color,  then  is  it  design? 

Is  it  design  and  color? 

Is  it  neither? 

Each  of  these  questions  must  next  be  stated  as  a 
hypothesis  for  testing.  The  question,  "Is  it  color  and 
not  design?"  must  be  restated  as  the  hypothesis,  "If 
it's  color  and  not  design,  then  when  we  present  both 


stimuli  (which  are  specified)  to  the  insect,  we  ought 
to  attract  more  insects  to  the  color."  But  following  the 
checking  out  of  that  hypothesis,  if  color  "works,"  the 
pupil  must  then  ask,  "If  it's  color,  is  it  any  color? 
Does  yellow  work  as  well  as  red?  Do  fluorescent  colors 
work  better  than  nonfluorescent?  If  color  red  is  equal 
to  color  yellow,  the  number  of  insects  attracted  to  the 
stimuli  should  be  the  same."  The  outstanding  char- 
acteristic of  thought  at  the  formal  stage  is  the  way  in 
which  the  mind  can  combine  propositions,  going  back 
and  forth  with  lightning-like  speed,  and  then  stating 
what  the  combination  implies  in  the  way  of  experi- 
mental outcome.  This  mode  of  thinking  begins  to  ap- 
pear in  bright  children  even  before  they  leave  elemen- 
tary school. 

BUILDING  A SCIENCE  SERIES 
TO  FOSTER  LOGICAL  THINKING 

The  developmental  picture  we  have  described  has 
implications  for  building  a science  series  to  foster  logi- 
cal thinking,  as. we  shall  see.  However,  it  should  be 
pointed  out  here  that  cognitive  psychologists  have 
made  contributions  other  than  the  developmental  pic- 
ture. Piaget  and  Inhelder  have  given  us  insight  into 
the  misconceptions  about  science  that  children  ac- 
quire, so  that  we  can  plan  remedial  activities.  Bruner 
has  described  the  process  of  concept  building,  a proc- 
ess that  begins  with  a sensorimotor  experience,  pro- 
ceeds to  a step  where  a mental  image  is  important, 
and  then  is  completed  at  the  symbolic  level,  where 
verbal  understanding  is  accomplished.  Aspects  of  cog- 
nitive theory  other  than  the  developmental  picture 
have  been  considered  in  building  our  science  series. 

Implications  of  Cognitive  Theory 

for  Content  Selection  and  Grade  Placement 

In  building  a science  series,  there  must  be  a ra- 
tionale for  the  selection  and  grade  placement  of  sub- 
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ject  matter.  Part  of  the  rationale  is  derived  from  scien- 
tists' analysis  of  what  is  important  in  science;  we  have 
selected  for  the  content  in  this  series  the  "scientist's 
science,"  ordered  in  terms  of  difficulty  of  concepts. 
Part  of  the  rationale  is  derived,  also,  from  what  we 
know  about  the  child.  If  the  study  of  science  is  to 
improve  thinking  processes  as  the  pupil  acquires  con- 
tent, strategy  for  improvement  must  be  based  on  what 
is  known  of  the  normal  course  of  intellective  develop- 
ment. In  our  discussion  thus  far,  we  have  described 
the  normal  course,  not  the  potential;  it  is  with  the 
norm  that  we  start  to  accelerate  development,  for 
American  educators  ard  rarely  interested  in  maintain- 
ing the  status  quo  in  achievement  levels.  Knowing  the 
characteristics  of  preoperational  thought,  we  selected 
content  for  the  primary  books  in  this  series  that  will 
help  the  child  overcome  preoperational  deficiencies 
and  facilitate  development  of  those  properties  of  logi- 
cal thought  that  appear  in  the  stage  of  concrete  opera- 
tions. Knowing  how  the  child  thinks  at  the  stage  of 
concrete  operations,  we  selected  content  for  the  mid- 
dle grades  to  strengthen  logical  operations  and  ad- 
vance the  onset  of  propositional  thinking.  As  previ- 
ously stated,  we  take  the  position  in  this  series  that 
the  development  of  the  highest  mental  processes 
should  not  be  left  to  chance;  the  school  should  foster 
logical  thinking  in  every  way  possible,  and  the  study 
of  science  offers  unique  opportunities  to  do  this. 

Some  examples  at  this  point  may  help  to  clarify 
our  strategy.  Particularly  in  the  first  two  books,  we 
present  learning  situations  to  help  the  child  overcome 
his  tendency  to  make  perceptual  judgments  and  to 
center  on  one  variable.  In  Book  1,  for  example,  the 
pupil  is  helped  to  discover  that  both  weight  at  each 
end  and  distance  from  the  fulcrum  must  be  considered 
in  balancing  the  seesaw;  centering  on  the  weight  vari- 
able is  not  enough.  In  Book  2,  the  young  reader  has 
experiences  in  coordinating  two  variables;  as  he  pours 
sand  into  containers  of  different  shapes,  he  learns  that 
"higher  than"  is  compensated  for  by  "skinnier  than," 


so  that  quantity  of  matter  is  conserved.  He  is  also 
given  practice  in  identifying  more  than  one  property 
in  classification  problems;  he  discovers  that  sounds 
vary  in  both  volume  and  pitch,  and  he  works  out  with 
the  teacher  a 2 x 2 table  (see  page  4)  to  visualize  the 
classification  of  the  sounds  to  which  he  is  listening. 

But  what  of  pupils  in  the  first  two  grades  whose 
thinking  has  advanced  beyond  the  preoperational 
level?  For  such  pupils,  logical  operations  should  be 
made  explicit  by  the  teacher  so  that  their  use,  which 
may  be  only  intuitive  at  first,  will  be  strengthened. 
And  the  teacher,  knowing  the  logical  operations  that 
appear  in  the  average  child  7 years  old,  can  make 
every  effort  in  all  of  her  teaching  to  strengthen  such 
thinking  processes  as  they  appear  in  pupils  in  the  first 
two  grades. 

In  Books  3,  4,  and  5 there  is  increased  emphasis 
on  developing  in  the  pupil  these  logical  operations — 
combining  elements,  associating  elements  in  different 
ways,  establishing  identity  between  elements,  and  re- 
versing an  operation — that  characterize  the  stage  of 
concrete  operations  (normally  7-11  years).  There  is 
considerable  work,  particularly  in  Books  3 and  4,  on 
classification  skills.  Such  skills  began  in  Book  2,  when 
a pupil  learned  to  describe  a specimen  by  more  than 
one  characteristic  and  then,  to  identify  the  specimen 
as  either  a butterfly  or  moth,  to  make  a one-to-one 
correspondence  between  the  characteristics  of  the 
specimen  and  those  of  the  butterfly  or  moth.  In  Book 
4,  Unit  4,  skills  become  more  complex  as  the  pupil 
learns  about  hierarchical  classification.  Fishes,  am- 
phibians, reptiles,  birds,  and  mammals  can  be  com- 
bined to  form  a superclass  of  "animals  with  back- 
bones." Furthermore,  certain  things  are  logically  true 
of  the  superclass  and  the  subclasses  (e.g.,  each  mem- 
ber of  the  subclass  must  contain  those  characteristics 
that  distinguish  the  superclass  plus  some  others;  a sub- 
class is  always  smaller  in  number  than  the  superclass. 

Logical  thinking  is  also  demanded  of  the  child  in 
questions  in  the  text  or  in  the  teaching  suggestions. 
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Note  the  logical  processes  involved  as  a third  grader 
attempts  to  answer  the  teacher's,  "Can  you  give  me 
an  example  of  an  animal  that  lives  on  the  desert  and 
explain  how  the  animal  can  live  in  such  an  environ- 
ment?" The  pupil  has  read  the  unit  "How  Animals 
Live,"  Book  3,  Unit  4,  from  which  he  learned  about 
many  animals  adapted  to  many  different  environ- 
ments. To  answer  the  question,  he  must  first  combine 
elements  that  make  up  a set  of  desert  conditions:  little 
water,  extremes  of  temperature,  scarcity  of  food,  little 
ground  cover.  He  remembers  the  kangaroo  rat  as  liv- 
ing on  the  desert,  and  combines  elements  that  make 
up  a set  of  rat  characteristics:  eats  seeds  and  gets 
water  from  seeds,  has  sharp  claws  and  can  dig  bur- 
rows, stays  underground  during  heat  of  day  and  so 
needs  less  water,  has  eyes  with  many  rods  and  so  can 
hunt  in  the  cool  of  the  night.  Then  the  pupil  must  set 
up  a correspondence  between  elements  in  the  desert- 


conditions  set  and  elements  in  the  rat  set.  If  for  the 
elements  in  the  first  set  there  are  corresponding  mem- 
bers in  the  other  set,  establishing  an  identity,  then  he 
knows  the  animal  is  adapted  to  desert  living. 

Logical  operations  continue  to  be  emphasized  in 
Grades  5 and  6,  but  in  increasingly  more  complex 
situations.  We  can  find  many  examples  of  operations 
particularly  in  the  physical  science  content  in  Books 
5 and  6.  The  development  of  the  speed-time-distance 
relationship  in  Book  6 is  a case  in  point.  Note  that 
the  pupil  must  now  see  one  variable  as  a function  of 
two  others  and  work  out  relationships  among  the 
three  by  using  not  one  but  several  logical  operations 
(reversibility,  for  example:  if  s X t = d,  then  s = d/t; 
identity,  as  he  puts  in  the  correct  numbers  for  the 
letter  symbols). 

Beginning  in  Book  5 and  increasingly  in  Book  6, 
content  encourages  the  pupil  to  do  propositional 


KANGAROO  RAT'S  ADAPTATIONS  TO  ITS  ENVIRONMENT 


Set  of  Desert  Conditions 

Set  of  Rat  Characteristics 

1.  Little  watery— 

-►  Eats  seeds  and  gets  water 

^ from  seeds 

2.  Extremes  of  temperature 

>Has  sharp  claws  and  can 

between  day  and 

/ dig  burrows 

3.  Scarcity  of  food  n. 

^ Stays  underground  during  heat  of  day; 

/ 

thus  it  needs  less  water 

4.  Little  ground  cover  for  protection^ 

v Has  eyes  with  many  rods;  thus  it  can 

from  enemies 

^ hunt  at  night  when  there  is  less  heat 

^ and  less  competition  from  enemies 
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thinking.  For  example,  in  the  introductory  unit  to 
Book  5,  the  reader  is  introduced  to  the  specifics  of 
scientific  methods.  He  has,  of  course,  been  raising 
questions  and  doing  "experiments"  in  the  first  three 
grades;  he  has  even  had  practice  in  controlling  cer- 
tain factors  while  he  experimented  with  another.  In 
Book  2,  for  example,  in  the  unit  on  heat,  pupils  ex- 
periment on  the  insulating  qualities  of  different  kinds 
of  cloth.  The  size  of  the  cloth  and  the  temperature  of 
the  water  to  be  protected  are  kept  constant.  But  the 
question,  "Does  the  color  of  clothes  make  a difference 
(in  keeping  us  cool)?"  is  not  stated  as  a hypothesis 
for  testing.  It  implies  a concrete  operation,  but  it  does 
not  spell  out  the  specifics  for  testing.  It  does,  however, 
provide  readiness  for  the  fifth  grader's  encountering, 
in  Unit  8,  Book  5,  the  experiment,  "How  Do  Dark 
and  Light  Colors  Affect  the  Absorption  of  Heat 
Energy?" 

There  is  one  last  point  to  consider  in  using  the 
content  of  Science  for  Tomorrow's  World  to  improve 
thinking  processes.  As  Piaget  has  shown,  the  child 
deals  less  with  the  concrete  and  more  with  the  abstract 
and  the  formal  as  thinking  processes  mature.  We  rec- 
ognize this  developmental  change  and  have  taken  it 
into  account  in  our  planning  to  facilitate  the  appear- 
ance of  abstract  thinking,  but  we  do  not  emphasize 
the  formal  expression  of  generalizations  prematurely. 
There  are  many  opportunities  in  the  primary  grades 
for  pupils  to  deal  with  functions  in  a concrete  way. 
In  Book  2,  for  example,  page  138,  the  pupil  carries 
out  an  activity  in  which  he  discovers  that  the  loss  of 
heat  over  time  is  a function  of  the  insulating  proper- 
ties of  the  protective  material.  This  discovery  as  stated, 
however,  is  beyond  the  comprehension  of  most  second 
grade  children.  Instead,  the  child  of  7 summarizes 
in  a concrete  fashion:  "With  a wrapping  made  of  wool, 
water  doesn't  cool  off  as  fast  as  with  wrappings  made 
of  cotton  or  rayon."  In  keeping  with  developmental 
theory,  we  reserve  the  more  formal  and  abstract  ex- 
pressions of  generalizations  for  Book  5 and  Book  6. 


Implications  of  Cognitive  Theory 
for  Activities  and  Illustrations 

Cognitive  theory  is  useful  not  only  in  planning 
content  and  grade  placement,  but  also  in  planning 
learning  activities  and  experiments  and  in  designing 
special  illustrations  for  tests.  The  reader  will  recall 
that  in  Piaget's  theory,  the  first  stage  is  the  sensori- 
motor, where  the  infant  may  be  said  to  "think  with 
his  muscles."  While  language  changes  the  mode  of 
thinking,  the  need  for  a motor  component  as  an  under- 
pinning for  certain  concepts  does  not  disappear  with 
the  advent  of  speech.  Bruner  in  ■ particular  has  noted 
the  importance  of  motor  activity  as  a first  step  in  con- 
cept building.  In  this  series  we  have  recognized  the 
importance  of  sensorimotor  experience  in  planning 
learning  activities.  No  verbal  description  of  how  gears 
work  can  substitute  for  the  actual  manipulation  of 
gears  (See  Book  2,  p.  52).  No  verbal  description  can 
convince  the  child  that  the  image  formed  in  the  retina 
of  what  he  is  seeing  is  an  upside-down  image,  but  let 
him  try  building  a pinhole  camera  (Book  6,  Unit  6), 
and  he  has  built  into  his  sensorimotor  system  a basic 
understanding  of  the  concept. 

Activities  with  a motor  component  are  not  new  to 
science,  but  what  is  new  is  that  we  now  have  a ra- 
tionale for  which  concepts  need  this  kind  of  sensori- 
motor underpinning.  Concepts  from  the  physical  sci- 
ences, where  two  different  displacements  occur  at  the 
same  time,  need  a motor  component.  The  activities 
in  Books  2,  3,  and  6 in  the  units  dealing  with  con- 
cepts of  forces  and  motion  contain  many  examples  of 
such  displacements.  Sensorimotor  activities  are  often 
needed,  also,  to  correct  misconceptions  children  have 
built  up.  Cognitive  theorists  have  provided  us  with 
information  about  which  concepts  children  are  likely 
to  be  confused  about.  In  the  process  of  living  and  ad- 
justing to  his  environment,  the  child  has  been  dealing 
with  such  phenomena  as  time,  matter,  space,  light, 
heat,  motion,  and  electricity,  and  has  more  likely  than 
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not  built  up  misconceptions  around  them.  Most  chil- 
dren, for  example,  think  that  a steady  push  on  an 
object  results  in  a steady  speed.  The  sensorimotor  ex- 
perience of  feeling  acceleration  in  the  wagon  one 
pushes  with  a steady  push  (Book  2,  p.  39)  really  con- 
vinces the  child  in  a way  that  telling  him  does  not. 
Similarly,  most  children  find  it  hard  to  believe  that  a 
ball  flicked  off  from  a table  top  and  one  dropped  over 
the  side  at  the  same  time  will  both  reach  the  ground 
at  the  same  time  (Book  6,  Unit  3).  Understanding 
that  a missile  has  both  a horizontal  and  a vertical 
component  of  motion  begins  with  a sensorimotor  ex- 
perience. (Book  5,  Unit  8).  And  the  future  student 
of  high  school  chemistry  who  has  spent  time  in  ele- 
mentary school  constructing  models  of  atoms  (Book 
5,  Unit  6)  will  find  that  the  theory  of  chemical  bond- 
ing comes  naturally  to  him;  he  can  imagine  a model 
of  the  oxygen  atom  from  his  experiences. 

Note  that  each  of  the  activities  mentioned  helps 
to  correct  a misconception  or  to  build  a mental  image 
of  how  something  in  the  physical  world  works.  Too 
much  science-teaching  time  has  been  wasted  in  the 
past  on  activities  with  no  foundation  in  an  important 
science  concept.  Simply  building  a space  station  with 
model  rockets  in  the  classroom  cannot  be  justified  in 
terms  of  its  cognitive  value.  While  the  activity  has 
motor  components,  it  probably  generates  more  mis- 
conceptions than  it  clears  up  and  contributes  nothing 
to  an  understanding  of  the  physics  of  space  travel. 

Following  the  sensorimotor  experience  (or  assum- 
ing one  in  some  cases),  Bruner  describes  an  iconic 
step  in  concept-building.  After  "meaning  in  the  mus- 
cles," the  child  must  build  a mental  image  of  what  it 
is  he  is  acquiring  knowledge  about.  In  this  series  we 
have  aided  the  development  of  this  step  in  the  type 
of  illustration  used  in  special  cases.  The  first  grade 
pupil  is  introduced  to  the  concept  of  a system  in  equi- 
librium through  a sensorimotor  experience  with  the 
seesaw.  Then  diagrams  of  the  system  are  presented, 
with  distance  and  weight  clearly  indicated  as  the  vari- 


ables. The  diagram  serves  the  function  of  giving  the 
child  a mental  image  of  the  essentials  in  the  system. 
It  is  a pared-down  version  of  the  illustration  showing 
actual  children  seesawing.  In  Book  2,  force  diagrams 
are  used,  again  after  a sensorimotor  experience,  to 
show  both  size  and  direction  of  the  force  in  question. 
In  Book  6,  physical  experience  involved  in  under- 
standing time-distance  relationships  is  provided  in 
graph  making,  the  end-product  of  which  then  serves 
the  image-building  function.  In  Book  6,  Unit  1,  also, 
the  learner  becomes  acquainted  with  vectors  and 
builds  a mental  image  of  velocity  with  vectors. 

With  the  proper  sensorimotor  and  mental-image 
underpinning,  the  learner  can  then  go  on  to  deal  with 
a concept  symbolically — that  is,  with  language.  Like 
adults,  the  pupil  who  has  difficulty  in  understanding 
the  sentence,  "The  intensity  of  light  varies  inversely 
with  the  square  of  the  distance  from  the  source,"  falls 
back  on  sensorimotor  memories.  If  he  has  actually 
worked  out  activities  involving  the  inverse-square  law, 
then  he  has  some  "feel"  for  what  the  term  means.  If, 
in  addition,  he  can  also  bring  to  mind  a mental  image 
of  a diagram  of  the  inverse-square  law  applied  to 
light,  then  the  sentence  takes  on  additional  meaning. 

Motor  activities,  mental  images,  language — all 
three  steps  are  not  necessary  for  all  concepts.  For 
some  concepts,  pupils  bring  with  them  to  school  a 
strong  sensorimotor,  mental-image  foundation,  and 
are  ready  for  the  symbolic  step.  But  for  other  con- 
cepts, where  the  foundation  has  been  missing  or  faulty, 
one  or  both  steps  are  essential.  With  many  concepts, 
as  Piaget  points  out,  knowledge  is  deformed  by  a 
purely  verbal  approach.  Teachers  are  being  advised 
today,  in  science  teaching,  as  in  all  teaching,  to  spend 
more  time  to  teach  what  used  to  be  covered  in  a few 
minutes  with  a few  verbal  statements.  The  advice  is 
good — provided  the  teacher  picks  the  right  concepts 
to  concentrate  on,  and  provided  the  extra  time  is  spent 
wisely  on  those  steps  that  build  readiness  for  the 
verbal  stage. 
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PART  III:  SOME  PROBLEMS  OF  METHOD  IN  TEACHING  SCIENCE 


PROBLEMS  OF  MOTIVATION 

Psychologists  are  generally  agreed  that  motivation 
is  the  first  essential  to  learning.  If  pupils  are  to  learn 
science,  they  must  first  want  to  learn;  they  must  be 
motivated.  However,  there  are  a number  of  miscon- 
ceptions with  respect  to  how  a state  of  motivation  can 
be  induced.  Some  teachers  confuse  motivation  with 
external  stimulation  supplied  to  interest  children  in  a 
lesson.  Thus  one  teacher  says,  “But  I have  no  trouble 
in  getting  my  children  motivated.  I just  produce  a few 
pieces  of  equipment  and  tell  the  class  we  are  going  to 
have  an  experiment,  and  they  are  all  interested." 


Readers  will  agree  with  the  teacher  that  children  are 
immediately  attentive  when  an  experiment  is  pro- 
posed, but  teachers  will  also  recognize  that  interest  in 
observing  an  experiment  does  not  necessarily  lead  to 
motivation  to  learn  important  science  concepts.  The 
behavior  of  children  who  receive  chemistry  sets  for  a 
holiday  present  is  a case  in  point.  Many  a child  de- 
lights in  mixing  the  chemicals  and  watching  the  re- 
sultant change  in  color  or  state  of  matter,  but  for  too 
many  it  is  the  magical  "result"  that  intrigues,  rather 
than  the  chemistry  of  the  change. 

For  the  psychologist,  however,  motivation  is  in- 
trinsic to  the  organism.  It  is  no  secret  that  even  the 
very  young  infant  learns  spontaneously  and  enjoys  the 
process.  Furthermore,  he  is  motivated  to  learn  even 
when  there  is  no  adult  present  to  supply  initial  stimu- 
lation. A ten-month-old  baby  who  wants  a toy  that  is 
out  of  reach  on  a cushion  in  his  crib  discovers  that  by 
pulling  on  the  cushion  he  can  bring  the  toy  within 
grasp.  He  is  learning  that  one  can  use  tools  (the  cush- 
ion) to  extend  the  arm  to  reach  objects  in  space.  The 
motivation  for  the  learning  came  from  within. 

Teachers,  too,  can  give  many  examples  of  intrinsic 
motivation.  In  Book  6,  in  the  unit  entitled  "The  Na- 
ture of  Light,"  an  activity  is  described  involving  use 
of  a homemade  ripple  tank  to  study  the  behavior  of 
light  waves.  Sixth  grade  children  with  access  to  this 
equipment  have  been  observed  before  school  and  in 
free  time,  placing  obstacles  across  th.e  tank  or  inserting 
sharp-edged  rulers  below  the  surface  of  the  water,  to 
see  what  happens  to  the  waves  they  create  with  a 
dowel  stick.  Fourth  grade  children  studying  electricity 
hurry  to  the  science  table  when  assignments  are  fin- 
ished, to  experiment  by  winding  wire  around  a nail 
for  so  many  turns  to  find  out  the  effect  upon  the 
strength  of  an  electromagnet.  There  appears  to  be  a 
basic  urge  to  explore,  to  find  out  how  the  environment 
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can  be  changed,  and  to  learn  what  consequences  flow 
from  these  changes.  When  this  motivation  to  interact 
with  the  environment  is  present,  the  child  carries  on 
activities  with  considerable  persistence,  getting  inter- 
esting feedback  from  his  efforts  and  acquiring  knowl- 
edge in  the  process.  In  the  language  of  Piaget,  the 
child  assimilates  and  accommodates,  restoring  mental 
equilibrium  when  accommodation  has  been  achieved. 

It  is  not  difficult  to  find  examples  of  self-motiva- 
tion in  pupil  behavior.  The  problem  for  the  teacher, 
however,  is  to  set  the  stage  so  as  to  produce  this  kind 
of  behavior.  More  specifically,  it  is  the  problem  of 
how  to  induce  intrinsic  motivation  so  that  the  pupil 
learns  what  the  teacher  wants  him  to  learn. 

Let  us  consider  the  case  of  a fourth  grade  teacher 
who  is  about  to  teach  a unit  on  sound.  Among  the 
concepts  that  she  wants  pupils  to  acquire  are:  (1)  In 
order  for  sound  to  be  produced,  something  must  vi- 
brate; (2)  For  human  beings  to  hear  a sound,  vibra- 
tions must  occur  between  sixteen  times  and  twenty 
thousand  times  a second;  (3)  The  kind  of  sound  one 
hears  depends  on  the  number  of  vibrations.  We  know 
that  pupils  will  acquire  these  concepts  through  a self- 
regulatory  process,  but  what  can  the  teacher  do,  what 
stimulation  can  she  furnish,  to  get  the  process  started? 

Theorists  of  learning  have  identified  the  elements 
that  make  a situation  stimulating  and  that  induce  in- 
trinsic motivation.  One  such  element  is  that  of  novelty. 
A relatively  less  familiar  situation  is  more  stimulating 
than  the  familiar,  and  human  beings  (lower  animals, 
too)  clearly  prefer  the  novel  to  the  well  known.  The 
situation,  however,  must  not  be  too  novel,  for  too 
much  uncertainty  breeds  fear  and  withdrawal. 

Some  theorists  prefer  to  call  the  stimulating  ele- 
ment "cognitive  dissonance."  By  that  they  mean  that 
there  must  be  a discrepancy  between  information  al- 
ready stored  in  the  brain  and  information  coming  in 
from  an  ongoing  experience.  When  incongruity  exists, 
there  is  a basic  urge  to  resolve  it  so  that  mental  equi- 
librium is  restored.  A pupil  may  presently  believe  that 


the  way  to  make  a stronger  electromagnet  is  to  make 
it  bigger;  bigness  and  strength  are  associated  in  his 
mind.  Thus  he  would  predict  that  a heavy  spike  will 
attract  heavier  objects  than  a slim  nail.  Faced  with 
evidence  that  contradicts  this  belief,  he  then  experi- 
ments with  nails  of  various  sizes  and  with  various 
turns  of  the  wire  to  find  out  what  actually  increases 
the  strength  of  an  electromagnet.  He  acts  to  get  rid 
of  the  incongruity  and  to  restore  equilibrium. 

The  problem,  then,  for  the  teacher  who  would 
induce  motivation  in  children  is  to  provide  encounters 
with  objects  or  situations  that  will  be  incongruous  with 
information  children  already  have.  To  provide  such 
encounters,  the  teacher  must  first  know  where  children 
are  in  their  thinking  with  respect  to  the  concepts  to 
be  taught.  If  the  teacher  wants  pupils  to  acquire  the 
concepts  we  have  listed  for  the  unit  on  sound,  then 
the  teacher  must  first  know  what  the  pupils  already 
believe  about  how  sounds  are  produced  and  what  the 
pupils  believe  about  the  reasons  that  sounds  are  dif- 
ferent in  pitch  and  intensity. 

One  way  to  find  out  what  pupils  already  believe 
is  to  ask  them.  A teacher  can  start  a lesson  with  ques- 
tions based  on  the  concepts  to  be  taught.  Thus,  the 
teacher  might  begin  with  the  question,  "What  makes 
a sound?"  To  such  a question  the  teacher  is  likely  to 
get  an  answer  like,  "There's  a sound  when  we  hit 
something."  The  teacher  counters  this  response  by  ask- 
ing, "Are  all  sounds  made  by  hitting  something?  Who 
can  give  me  an  example  of  a sound  that  is  made  with- 
out something  being  hit?"  Examples  such  as  shuffling 
a shoe  across  the  floor,  rubbing  the  desk  with  the  back 
of  the  fist,  speaking,  etc.,  are  incongruous  with  the 
notion  that  something  must  be  hit  for  sound  to  be 
produced,  and  pupils  are  motivated  to  find  out  what 
is  the  common  element  in  all  of  the  examples  that 
produces  sound.  A discussion  centered  around  ques- 
tions designed  to  expose  the  incongruity  between  pres- 
ently held  beliefs  and  evidence  to  the  contrary  can 
induce  motivation  to  resolve  the  discrepancy. 
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Even  better  than  the  purely  verbal  approach  to 
motivation  is  one  involving  motor  activity.  From  the 
motor  activity,  a pupil  can  take  in  information  not 
only  through  the  auditory  sense,  but  through  the  visual 
and  tactile- senses  as  well.  Instead  of  using  discussion 
and  relying  upon  words  to  elicit  cognitive  dissonance 
regarding  how  sound  is  produced,  pupils  can  engage 
in  such  activities  as  vibrating  a ruler  over  the  edge  of 
the  desk,  snapping  a rubber  band  held  between  the 
teeth,  or  observing  dry  cereal  moving  up  and  down 
on  a vibrating  drum  top.  Such  motor  activities  are 
better  than  the  verbal  because  (1)  they  are  more  in- 
teresting; therefore,  pupils  will  be  more  attentive;  and 
(2)  they  permit  more  information  to  be  assimilated 
(the  actual  information  input  is  greater  than  when 
discussion  alone  is  used).  The  advantage  of  the  motor 
over  the  verbal  is  only  true,  however,  if  the  motor 
activity  can  produce  enough  novel  stimuli  to  be  moti- 
vating. A motor  activity  from  which  the  child  can 
perceive  only  stimuli  too  elementary  for  his  level  of 
cognitive  development  is  obviously  a waste  of  time. 

Throughout  The  Macmillan  Science  Series,  many 
activities  are  introduced  that  are  designed  to  induce 
pupil  motivation.  These  activities  take  more  class  time 
than  a verbal  discussion,  but  teachers  are  urged  to 
take  the  time  for  them.  Only  as  the  pupil  becomes 
aware  of  the  discrepancy  between  what  he  has  be- 
lieved and  the  actual  evidence  he  is  assimilating  from 
an  activity  will  he  be  motivated  to  acquire  new  knowl- 
edge. Assimilation  is  facilitated  by  activities  that  per- 
mit a multisensory  approach  rather  than  a purely  audi- 
tory approach. 

We  can  summarize  the  modern  approach  to  moti- 
vation as  follows: 

1.  The  teacher  must  have  clearly  in  mind  the  con- 
cepts the  children  are  to  acquire  in  connection 
with  the  study  of  a particular  topic.  These  gen- 
eralizations are  listed  for  each  unit  in  the  Teach- 
ers' Guide. 


2.  The  teacher  uses  discussion  or,  even  better,  a 
demonstration  or  individual  pupil  activity  to  stim- 
ulate pupil  thinking  about  a particular  concept. 

3.  The  teacher  asks  questions  or  redirects  pupils' 
observations  in  order  to  reveal  any  discrepancy 
between  stored  information  and  informational  in- 
put. 

4.  The  discrepancy  is  stated  as  a problem  to  be 
resolved  in  the  course  of  the  lesson. 

PLANNING  FOR  INDIVIDUAL  DIFFERENCES 

As  in  teaching  any  other  school  subject,  the  class- 
room teacher  must  plan  for  individual  differences 
in  teaching  science.  And  as  is  true  in  other  school  sub- 
jects, individual  differences  in  reading  ability  create 
the  biggest  problem.  A fourth  grade  class  of  30  pupils 
may  have  a reading  range  that  varies  from  second  to 
sixth  grade  ability.  How  can  the  teacher  accommodate 
such  a range?  Teaching  pupils  in  separate  groups  as 
is  commonly  done  in  reading  and  arithmetic  is  not 
feasible;  there  is  a limit  to  the  number  of  separate  les- 
sons a single  individual  can  teach  in  a day's  time.  Nor 
is  grouping  within  the  classroom  desirable,  except  on 
a temporary  basis,  for  subjects  like  science  and  social 
studies,  if  each  grouping  involves  a separate  body  of 
subject  matter.  In  these  subjects  there  is  a core  of 
concepts  that  should  be  part  of  the  curriculum  for  all 
pupils.  All  pupils  in  a particular  grade  ought  to  have 
the  chance  to  acquire  those  concepts  at  the  level  of 
difficulty  possible  for  them.  Some  fourth  grade  pupils 
may  acquire  simpler  concepts  about  energy  such  as 
"Energy  can  be  transformed  from  one  form  to  another 
in  order  to  get  work  done,"  while  others  may  tackle 
more  sophisticated  concepts  such  as,  "When  energy  is 
transformed,  the  total  energy  at  the  beginning  and  end 
of  the  transformation  is  the  same."  Managing  such  a 
range  is  quite  possible  for  the  teacher. 
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To  provide  for  the  slow  readers,  it  is  necessary  to 
find  books  at  their  reading  level  treating  the  same  unit 
that  is  being  studied  by  the  rest  of  the  class.  This  is 
often  possible  to  do  in  a subject  like  science,  where 
many  of  the  same  topics  are  encountered  in  alternate 
years  or  every  third  year.  Motion,  for  example,  is 
studied  in  grades  2,  3,  5,  and  6;  weather  is  a topic  in 
grades  1,  4,  and  5;  units  on  living  things  appear  in 
grades  2,  3,  4,  5,  and  6.  Other  examples  of  a spiral 
organization  can  be  found  by  scanning  the  complete 
Table  of  Contents,  which  appears  in  Part  IV.  Many 
schools  are  operating  on  a flexible  plan  with  regard 
to  the  use  of  texts,  taking  advantage  of  the  spiral 
organization  in  order  to  meet  individual  differences. 
A sixth  grade  teacher,  for  example,  who  has  pupils 
who  are  retarded  in  reading,  borrows  from  the 
third  or  fourth  grade  for  the  particular  unit  being 
studied.  She  introduces  the  unit  in  exactly  the  same 
way  to  the  entire  class,  but  after  pupils  have  completed 
their  differentiated  reading  assignments,  she  introduces 
into  the  class  discussion  some  questions  aimed  at  the 
less  sophisticated  concepts  covered  in  the  easier  book. 
This  part  of  the  discussion  serves  as  a review  for  pupils 
who  are  more  advanced  in  concept  development.  At 
the  same  time,  the  slow  learners  have  the  advantage 
of  seeing  the  demonstrations  and  following  the  discus- 
sion of  harder  concepts,  all  of  which  serves  as  readi- 
ness for  acquiring  the  concepts  when  they  are  encoun- 
tered later  on.  As  every  teacher  knows,  it  is  often  the 
second  explanation  that  makes  assimilation  and  ac- 
commodation possible. 

But  what  does  the  teacher  do  in  the  case  of  units 
not  covered  in  an  easier  book?  One  solution  is  to  vary 
the  reading  assignment,  requiring  slow  readers  to  read 
less  material.  Some  teachers  work  with  the  slow  read- 
ers as  a group,  having  the  material  read  silently  in 
small  sections  and  its  meaning  discussed  at  the  end  of 
each  section.  Under  no  condition  should  a pupil  be 
given  a book  that  is  beyond  his  comprehension,  unless 
special  help  is  also  provided.  Nothing  will  stifle  pupil 


interest  in  science  more  quickly  than  a teacher  who 
requires  the  class  to  read  books  that  are  too  difficult. 
As  is  true  both  in  social  studies  and  in  science,  the 
content  lesson  is  also  a reading  lesson,  and  the  same 
principles  of  reading  that  hold  true  when  pupils  are 
using  readers  are  valid  when  pupils  are  reading  science 
texts. 

Of  particular  importance  to  slow  readers  are  ac- 
tivities and  experiments.  Slow  learners  need  even  more 
in  the  way  of  sensorimotor  experiences  than  do  fast 
learners.  The  slow-learning  third  grade  pupil  can  learn 
the  concept  of  force  only  by  actually  setting  objects 
in  motion  under  varying  conditions.  There  is  a temp- 
tation because  they  read  so  slowly  to  have  slow  learn- 
ers spend  more  time  on  reading  and  less  on  activities. 
Reading  assignments,  however,  should  be  adjusted  for 
these  pupils  so  that  they  also  have  time  to  engage  in 
experimentation. 

In  the  past  decade,  much  has  been  written  about 
the  gifted  child  and  about  the  necessity  of  providing 
him  with  challenging  situations.  A great  deal  of  effort 
has  been  expended  in  the  direction  of  providing  en- 
richment activities.  Unfortunately,  however,  so-called 
enrichment  activities  too  often  involve  only  busy 
work;  that  is,  the  activity  keeps  the  child  busy,  but  at 
exactly  the  same  cognitive  level  that  he  has  covered 
so  far.  A bright  child  can  be  kept  busy  working  on 
an  animal  chart  on  which  he  lists  animals,  names  of 
the  baby  animals,  and  where  the  animals  live,  but  at 
the  same  time  the  activity  may  offer  nothing  in  the 
way  of  intellectual  challenge.  The  gifted  child  needs 
enrichment  in  depth,  rather  than  horizontal  enrich- 
ment. He  ought  to  have  the  chance  to  tackle  intel- 
lectually challenging  problems  that  will  lead  to  the 
acquisition  of  concepts  more  sophisticated  than  those 
to  which  the  rest  of  the  class  is  exposed. 

If  we  agree  that  the  gifted  child  should  have  en- 
richment in  depth,  the  next  concern  is  how  to  provide 
it.  Because  the  bright  pupil  is  a good  reader,  some 
teachers  are  tempted  to  keep  him  busy  with  special 
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reports.  He  is  the  person  assigned  to  look  up  topics 
in  encyclopedias  or  other  reference  books;  but  such 
assignments  are  all  too  frequently  carried  out  by  copy- 
ing lengthy  excerpts  from  the  source.  Special  reports 
need  not,  of  course,  be  pedestrian  or  routine.  A book 
such  as  King  Solomon's  Ring,  by  Konrad  Lorenz,  with 
its  fascinating  observations  of  animals,  not  only  brings 
additional  knowledge  to  the  bright  pupil  in  the  fifth 
or  sixth  grade  who  reads  it,  but  is  likely  also  to  inspire 
him  to  observe  systematically  his  pet  goldfish  or  dog, 
the  birds  in  the  backyard,  the  squirrels  in  the  park, 
and  other  animals  in  his  environment.  But  all  science 
study  cannot  be  carried  on  only  through  vicarious 
activities;  directed  observation  and  experimentation, 
to  discover  more  advanced  concepts  or  to  apply  ac- 
quired concepts  to  more  difficult  problems,  should 
also  be  encouraged  in  the  bright  pupil. 

Let  us  examine  two  different  activities  proposed 
in  connection  with  the  study  of  the  unit  entitled  "How 
Animals  Behave"  (Book  6).  One  activity  asks  that 
the  student  find  the  answer  to  the  question  of  whether 
differences  between  species  or  differences  between 
breeds  of  the  same  species  are  greater.  Pupils  are  in- 
structed to  carry  on  a series  of  observations  on  dogs 
and  cats — recording  the  animals'  approaches  to  food, 
their  manner  of  eating,  and  their  behavior  after  the 
food  has  been  eaten.  By  selecting  various  breeds  in 
each  category,  comparisons  across  breeds  as  well  as 
across  species  can  be  made,  and  data  can  be  gathered 
to  answer  the  question.  The  activity  serves  as  rein- 
forcement for  key  ideas  covered  in  the  text;  it  is  one 
that  can  be  carried  out  even  by  slow  learners  who, 
hopefully,  will  become  more  aware  of  similarities  and 
differences  in  animals.  It  is  structured  carefully  so  that 
directions  can  be  followed  easily.  Note  that  alternative 
answers  to  the  question  under  investigation  are  sug- 
gested: either  the  differences  across  species  or  the  dif- 
ferences across  breeds  are  greater;  the  problem  for 
pupils  is  to  find  data  to  support  one  of  the  two  possi- 
bilities— an  easy  task  even  for  the  slow  learner. 


Now  let  us  examine  a second  activity  suggested  in 
connection  with  the  unit  "How  Animals  Behave."  In 
this  activity,  the  pupils  are  asked  to  select  a category 
under  which  observations  of  animals  might  be  col- 
lected— moving-about  behaviors,  courting,  nesting, 
taking  care  of  the  young,  and  signaling.  First  the  pupil 
must  decide  which  category  and  what  questions  he 
will  seek  to  answer  about  that  category.  Here,  we  will 
be  concerned  only  with  the  "moving-about"  behaviors 
of  animals.  A pupil  might  ask,  "What  is  the  effect  of 
temperature  change  upon  behavior?  Do  animals  move 
faster  or  slower  when  the  temperature  rises?"  To  find 
the  answer,  the  pupil  must  vary  temperature  con- 
ditions, choosing  animals  such  as  ladybugs,  earth- 
worms, or  ants,  which  would  be  easy  to  collect  and 
work  with.  He  must  plan  and  construct  a temperature 
box,  perhaps  heating  one  end  with  an  electric  bulb 
while  the  other  is  left  at  room  temperature  or  chilled 
by  a tray  of  ice  cubes.  Next  he  must  put  the  animals 
into  the  center  of  the  box  and  observe  their  behavior. 
Then  he  must  use  his  observations  and  those  of  his 
classmates  to  discover  key  concepts  about  moving- 
about  behaviors,  checking  out  the  particular  variable 
he  has  selected  for  testing  and  perhaps  noting  other 
variables  worthy  of  trying  out. 

Note  that  this  activity  is  not  structured  step  by  step 
for  the  pupil.  He  is  not  given  a choice  of  hypotheses 
for  testing;  he  must  use  his  logical  reasoning  powers 
to  figure  out  what  is  worthy  of  testing.  Nor  is  he  told 
what  to  do  to  test  his  hypotheses;  the  plan  for  experi- 
mentation will  be  a product  of  his  own  creativity. 

Such  an  activity  can  provide  the  challenge  to 
which  bright  pupils  respond.  When  they  first  begin  to 
do  independent  experimentation,  they  will  need  help. 
The  teacher  must  teach  them  the  process — how  to  se- 
lect the  variable  for  testing,  how  to  set  up  adequate 
controls,  and  how  to  collect  data. 

To  summarize,  activities  and  experiments  that 
place  a high  premium  on  logical  reasoning  and  cre- 
ativity must  be  provided  for  gifted  pupils.  Enough 
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help  should  be  given  so  that  they  do  not  flounder,  but 
they  should  be  allowed  independence  in  working  out 
solutions  to  problems. 

School  Organization  and 
Individual  Differences 

In  recent  years  many  innovations  in  the  organiza- 
tion of  the  elementary  school  have  been  effected  to 
take  care  of  individual  differences.  Nongrading,  team 
teaching,  and  dual-progress  plans  are  three  such  inno- 
vations. No  attempt  will  be  made  here  to  weigh  the 
advantages  and  disadvantages  of  each  plan;  we  will 
merely  point  out  implications  of  each  plan  for  the 
teaching  of  science. 

In  the  nongraded  school,  grade  labels  are  re- 
moved, and  children  are  assigned  to  a teacher  accord- 
ing to  reading  level.  Thus  one  teacher  of  8-year- 
old  children  might  have  an  accelerated  class  capable 
of  reading  fourth  grade  books,  while  another,  with  a 
slow-moving  section,  might  have  pupils  reading  at  the 
second  grade  level.  Homogeneous  grouping,  whether 
on  the  basis  of  intelligence  test  scores  or  reading  abil- 
ity, has  always  had  an  appeal  for  teachers;  teaching 
would  be  so  much  easier  and  more  effective  "if  only 
individual  differences  could  be  taken  care  of  by  some 
kind  of  administrative  device."  Unfortunately  (or  for- 
tunately, depending  upon  one's  viewpoint),  they  can- 
not be.  In  an  accelerated  class  of  8-year-olds,  all 
the  children  may  be  able  to  read  easy  fourth  grade 
books,  but  some  can  read  fifth  grade  books  and  some 
do  even  better.  The  teacher  must  still  cope  with  the 
problem  of  providing  for  those  children  who  are  capa- 
ble of  doing  more  advanced  work. 

A practical  method  of  obtaining  appropriate  read- 
ing materials  is  to  borrow  books  on  the  same  subject 
from  higher  grades.  Many  teachers  are  reluctant  to  do 
this  for  fear  that  the  teacher  of  the  higher  grades  may 
say,  "But  what  will  they  read  when  they  are  in  my 
room?"  The  problem  is  one  of  coordination  within  a 


school  so  that  plans  are  formulated  to  enable  pupils 
to  encounter  challenging  materials  each  year.  In  many 
schools,  teachers  pass  along  a list  of  the  texts  read  in 
one  year,  so  that  the  next  year's  teacher  can  plan  real- 
istically. In  place  of  assigning  texts  according  to  aver- 
age reading  level,  as  is  commonly  done  in  nongraded 
schools,  a teacher  can  select  texts  that  will  take  indi- 
vidual pupils  higher  on  the  reading  ladder.  In  place 
of  a single  text  at  one  grade  level,  a teacher  will  have 
two  or  more  levels  to  use  with  a class.  Junior  high 
school  texts  may  be  introduced  into  accelerated  classes 
of  twelve-year-olds  if  the  need  occurs. 

Nongrading  is  a vertical  form  of  organization  of 
the  elementary  school;  team  teaching  represents  a 
horizontal  form.  In  some  schools,  team  teaching  dif- 
fers little  from  departmentalization,  with  different 
teachers  who  work  as  a team  assuming  the  responsi- 
bility for  teaching  different  subjects  to  the  same  chil- 
dren. As  originally  conceived,  however,  a team  con- 
sisting of  a master  teacher  and  several  assistants 
would  be  responsible  for  the  instruction  of  about  sixty 
children.  The  master  teacher  in  a fourth  grade  might 
make  a presentation  to  the  whole  group  or  conduct  a 
demonstration,  while  assistants  working  with  no  more 
than  fifteen  children  would  supervise  reading  assign- 
ments and  follow-up  activities. 

Team  teaching  offers  certain  advantages  for  sci- 
ence instruction,  particularly  in  its  provision  for  small- 
group  work.  The  ratio  of  one  assistant  to  fifteen  pupils 
means  many  more  opportunities  for  pupil  participa- 
tion in  asking  and  answering  questions  and  in  engag- 
ing actively  in  experiments.  Whether  or  not  such  op- 
portunities are  utilized  depends,  of  course,  on  careful 
planning  by  the  team.  The  practice  of  giving  large 
group  lectures  or  demonstrations,  however,  needs  to 
be  examined  critically.  It  is  a rare  teacher,  indeed, 
who  can  hold  the  attention  of  large  groups  of  imma- 
ture pupils  for  the  length  of  a science  lesson.  Where 
team  teaching  is  in  vogue,  it  is  better  to  confine  the 
whole-group  sessions  to  demonstrations  requiring 
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much  time  to  set  up;  these  sessions  should  have  a fast 
enough  pace  to  ensure  maximum  pupil  attention. 

The  dual-progress  plan — another  plan  of  organi- 
zation— organizes  the  school  both  horizontally  and 
vertically.  For  children  above  the  third  grade,  the  day 
is  divided  into  two  parts:  graded  and  nongraded. 
Pupils  spend  the  graded  half  of  the  day  with  a core 
teacher  who  teaches  language  arts  and  social  studies. 
During  the  nongraded  half  of  the  day,  subject-matter 
specialists  take  over,  including  one  for  science  and 
arithmetic.  For  special  subjects,  children  are  grouped 
not  according  to  age  or  grade,  but  according  to  apti- 
tude, interest,  and  achievement.  A fourth  grade  pupil, 
for  example,  if  science  is  one  of  his  strengths,  might 
find  himself  with  older  children  in  the  science  class. 
For  special  subjects  in  which  he  is  weak,  he  might  find 
himself  with  younger  children.  Thus  the  plan  provides 
for  intraindividual  variability — a distinct  advantage 
in  teaching  a subject  such  as  science  where  talent  may 
become  evident  in  the  intermediate  grades.  An  addi- 
tional advantage  is  that  the  special  teacher  is  usually 
better  prepared  in  the  subject  matter  and  therefore  pre- 
sumably able  to  do  a better  job  of  building  concepts. 

TEACHING  SCIENCE  TO  CULTURALLY 
DISADVANTAGED  CHILDREN 

There  are  teachers  in  both  rural  and  urban  areas  of 
the  United  States  whose  classes  consist  almost  en- 
tirely of  children  of  the  poor.  These  children  present 
special  learning  problems,  for  their  impoverished  en- 
vironment has  not  provided  experiences  that  help 
mental  structures  to  develop  and  intelligence  to  grow. 
Their  homes  lack  the  toys,  books,  pencils,  paper,  and 
mechanical  equipment  that  offer  opportunities  for  dis- 
covery. Their  parents,  themselves  disadvantaged  as 
children,  lack  the  knowledge  and  skills,  as  well  as  the 
facility  with  language,  to  call  children's  attention  to 
phenomena  or  to  answer  questions  and  raise  prob- 
lems; thus,  it  is  difficult  for  them  to  furnish  their  chil- 


dren with  science  information  and  to  make  the  chil- 
dren more  curious  about  the  world. 

In  his  day-to-day  living,  the  middle-class  child  has 
countless  experiences  that  provide  readiness  for  sci- 
ence. His  picture  books  provide  training  in  observa- 
tion, sharpened  by  the  mother's  comments  as  she  calls 
attention  to  details  of  size,  color,  shape,  and  cause- 
and-effect  relationships.  He  takes  a bath  and  observes 
floating  objects  in  the  tub.  He  goes  for  walks  with 
parents  who  comment  on  shadows,  budding  trees,  a 
squirrel's  nest,  how  a woodpecker  gets  its  food,  and 
what  the  position  of  the  sun  in  the  sky  tells  us  about 
the  approach  of  suppertime.  By  the  time  he  enters 
school,  the  middle-class  child  has  developed  mental 
structures  upon  which  he  can  draw  for  solutions  to 
new  problems.  The  lower-class  child,  lacking  the  sim- 
ple mental  structures  because  of  environmental  limi- 
tations, often  cannot  grasp  the  more  difficult  problems 
with  which  he  is  confronted. 

There  are  three  ways  in  which  the  teacher  can 
help  to  compensate  for  a child's  impoverished  back- 
ground. First,  the  teacher  must  provide  a rich  lan- 
guage environment  for  the  child.  Language  facilitates 
the  development  of  logical  thought.  A child  who 
doesn't  know  the  names  of  domestic  animals  as  com- 
mon as  "cow"  is  obviously  going  to  have  difficulty  in 
learning  the  concept  of  "animal."  A child  who  lacks 
the  vocabulary  to  describe  dimensions  is  not  going  to 
be  able  to  deal  adequately  with  the  notion  that  as 
one  dimension  gets  longer,  another  gets  thinner. 

The  first  two  books  in  The  Macmillan  Science 
Series  are  illustrated  profusely.  The  teacher  can  use 
the  pictures  to  build  vocabulary.  The  teacher  can  sup- 
ply labels  not  only  for  objects  but  also  for  the  prop- 
erties of  the  objects — shape,  color,  texture,  size,  and 
weight.  The  teacher  can  introduce  comparative  terms 
such  as  "taller  than,"  "heavier  than,"  "darker  than." 
The  teacher  can  teach  the  terms  to  describe  length, 
width,  depth,  weight,  and  other  dimensions.  The  child 
who  knows  the  terms  is  more  aware  of  properties  of 


objects  in  his  environment,  and  these  can  help  him 
progress  beyond  the  stage  of  sizing  up  an  object  in 
terms  of  whatever  variable  stands  out  perceptually. 

Beyond  the  primary  grades,  the  teacher  must  con- 
tinue work  on  vocabulary  development.  Interestingly 
enough,  it  is  not  the  technical  vocabulary  (e.g.  "atom") 
that  presents  a problem  (provided,  of  course,  the 
teacher  presents  the  technical  terms  with  proper  back- 
ground); it  is  the  vocabulary  to  carry  on  ordinary  life 
activities,  which  should  have  been  built  during  the 
early  years,  that  is  lacking.  The  child  learns  "pendu- 
lum," but  he  doesn't  know  the  phrase  "back  and 
forth"  to  describe  its  movement.  Getting  children  to 
talk  about  what  is  going  on  as  they  carry  out  experi- 
ments reveals  these  deficiencies.  To  counter  this  situa- 
tion, the  teacher  can  supply  the  terms,  have  the  child 
use  them,  and  review  them  in  context  from  time  to 
time. 

The  second  recommendation  for  teaching  science 
to  culturally  disadvantaged  children  is  to  provide 
more,  not  fewer,  sensorimotor  experiences  than  for 
middle-class  children.  The  culturally  deprived  child 
cannot  learn  science  solely  by  reading  about  it.  He 
does  not  bring  to  the  written  word  a reservoir  of  cog- 
nitive structures  built  up  out  of  firsthand  experiences. 
To  understand  the  physical  world,  he  must  act  upon 
it.  There  are  9-year-old  culturally  disadvantaged 
children  who  are  not  mentally  retarded,  but  who  do 
not  know  that  if  someone  drops  an  object  into  a glass 
of  water,  the  water  level  will  rise.  It  is  not  enough  for 
the  child  merely  to  read  about  the  effect  of  one's 
actions;  the  child  must  experience  it  firsthand,  assimi- 
lating information  directly  from  the  activity.  Thus,  in 
Book  2,  if  the  disadvantaged  child  is  to  understand 
gears,  he  needs  to  use  an  eggbeater  (a  new  experience 
for  most  children  of  that  age)  and  observe  how  the 
gears  are  used  to  turn  the  beaters.  Even  more  impor- 
tant, he  needs  to  construct  models  of  physical  proc- 
esses. As  he  makes  and  operates  the  endless  belt  de- 
scribed on  pages  54  and  55,  Book  2,  he  can  see  how, 


when  one  wheel  is  turned,  the  belt  is  made  to  move. 
He  can  see  the  force  of  the  first  moving  wheel  carried 
to  the  second.  Such  an  experience  builds  the  cognitive 
structures  necessary  to  comprehend  how  a force  is 
passed  from  one  part  of  a machine  to  another  part 
some  distance  away,  and  how  twisting  the  belt  into 
a figure  eight  makes  the  wheels  turn  in  opposite  direc- 
tions and  so  changes  the  direction  of  the  force. 

Teachers  will  find  additional  activities  included  in 
the  teaching  suggestions  at  the  sides  of  each  page  of 
text.  Those  involving  actual  motor  activity  are  par- 
ticularly appropriate  in  compensatory  education. 

The  third  suggestion  for  helping  disadvantaged 
children  is  to  build  up  their  background  of  general 
information.  Even  at  age  10,  these  children,  in  re- 
sponse to  questioning,  are  likely  to  say  that  a duck  is 
not  a bird  because  ducks  can't  fly,  and  that  birds  and 
ducks  can't  be  related  because  birds  don't  swim.  Chil- 
dren can  glean  a great  deal  of  general  information 
from  attractive  picture  books  that  are  placed  on  the 
science  table.  One  fourth  grade  child  very  nicely 
solved  an  animal-classification  problem  on  the  basis 
of  information  assimilated  from  picture  books.  As  he 
put  it,  "I  know  ducks  are  birds  because  I could  see 
in  the  pictures  that  there  were  some  things  the  same, 
and  I figured  out  that  if  it's  got  feathers  and  wings 
it's  got  to  be  a bird,  and  it  doesn't  count  if  it  doesn't 
fly."  In  Piaget's  language,  equilibration  occurred;  the 
boy  had  given  up  an  earlier,  erroneous  notion  and 
accommodated  the  new  information  being  assimilated. 

Note  that  in  all  of  the  examples  cited  above  there 
are  opportunities  for  furthering  logical  development. 
The  teacher  can  emphasize  whole-part  relations  when 
discussing  pictures  with  children.  Relative  terms  such 
as  "longer  than"  and  "thinner  than"  aid  children  in 
understanding  that  a change  in  one  dimension  may 
be  compensated  for  by  a change  in  another,  with  re- 
sulting conservation.  Testing  of  disadvantaged  chil- 
dren at  the  University  of  Illinois  reveals  that  they  are 
lower  on  tests  of  logical  development  than  middle- 
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class  children.  Compensatory  education  must  include 
special  attention  to  ensure  the  optimum  development 
of  logical  processes  in  disadvantaged  children. 

FIELD  STUDIES  IN  SCIENCE  TEACHING 

Science  becomes  meaningful  for  children  only  as  it 
helps  them  interpret  their  environment.  Classrooms, 
science  books,  audiovisual  materials,  and  laboratory 
equipment  are  not  the  only  means  by  which  this 
purpose  is  to  be  achieved.  At  best  they  represent 
the  beginning  of  the  process.  Ultimately,  what  is 
learned  from  a science  book,  a motion  picture,  or  a 
laboratory  demonstration  must  be  applied  or  used  in 
situations  beyond  the  classroom  if  it  is  to  have  perma- 
nent educational  value.  Field  studies  are  planned 
learning  activities  that  take  place  outside  the  class- 
room. 

Teachers  often  assume  that  once  a science  con- 
cept is  dealt  with  in  the  classroom,  pupils  will  use  it  on 
their  own  for  out-of-classroom  activities.  It  is  possible 
that  a few  may  do  so,  and  rather  extensively.  Some 
may  use  the  concept  on  a relatively  limited  scale.  But 
many  of  the  pupils  may  never  relate  the  pertinent  con- 
cepts to  the  things  that  are  happening  about  them.  For 
example,  in  a unit  on  conservation,  pupils  may  read 
about  ways  in  which  runoff  water  erodes  unprotected 
soil.  They  may  view  a film  that  shows  the  process  tak- 
ing place.  They  may  even  do  a classroom  experiment  to 
measure  the  soil  eroded  from  protected  and  unpro- 
tected surfaces  by  a measured  quantity  of  runoff 
water.  But  what  happens  when  the  pupils  leave  the 
classroom?  Do  they  recognize  places  where  soil  is  be- 
ing eroded?  Do  they  suggest  ways  in  which  the  ero- 
sion can  be  controlled?  More  important,  do  they 
attempt  to  do  something  about  it?  If  the  science  of 
soil  conservation  is  to  become  meaningful  to  pupils, 
learning  about  it  must  extend  beyond  the  classroom 
into  actual  situations  where  the  phenomena  are  tak- 
ing place. 


After  considering  the  question  of  how  science  con- 
cepts dealing  with  soil  conservation  should  be  made 
more  meaningful  to  pupils,  a teacher  might  decide 
that  three  types  of  field  studies  would  be  appropriate. 

One  type  has  to  do  with  locating  places  in  the 
schoolyard  or  in  nearby  spots  where  soil  is  being 
eroded.  Before  the  pupils  started  on  their  search,  the 
teacher  would  alert  them  to  the  kinds  of  evidence  that 
indicate  that  soil  is  being  eroded.  These  include  soil 
that  has  been  washed  onto  sidewalks,  roots  of  trees 
that  have  been  exposed  by  the  erosion  of  soil,  small 
gulleys  showing  that  erosion  has  started,  and  deltas  of 
soil  that  have  been  deposited  by  water.  After  pupils 
had  learned  how  to  spot  the  evidence,  they  would  pro- 
ceed as  a class  or  in  small  groups  to  locate  places  of 
erosion  in  the  area.  Following  the  group  activity, 
pupils  could  be  asked  to  look  for  other  places  near 
their  homes  and  report  their  findings  to  the  class. 

A second  type  of  field  study  might  be  to  select 
one  of  the  places  where  soil  erosion  is  taking  place 
and  plan  ways  of  stopping  it.  Ideally,  this  should  be  a 
place  near  the  school  where  everyone  can  take  part. 
Some  pupils  might  undertake  individual  control  proj- 
ects in  their  own  communities. 

A third  type  of  field  study  might  be  to  visit  a 
place  where  a planned  procedure  is  being  used  on  a 
large  scale  to  control  soil  erosion.  This  might  be  a 
farm,  a public  park,  a housing  development,  or  new 
highway  construction.  The  persons  who  are  responsi- 
ble for  the  plan  would  answer  pupils'  questions. 

Based  upon  the  above  descriptions  of  three  types 
of  field  studies  having  to  do  with  soil  erosion,  it  is 
reasonable  to  expect  the  following  educational  pur- 
poses to  be  accomplished  by  such  activities: 

1.  Reinforcement  of  science  concepts  taught  in  the 
classroom  by  observing  the  concepts  in  action. 

2.  Development  of  the  habit  of  viewing  the  en- 
vironment in  the  light  of  concepts  introduced  in  the 
classroom. 
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3.  Recognition  of  situations  that  represent  prob- 
lems in  need  of  solution. 

4.  Personal  involvement  in  solving  such  problems 
and  the  development  of  the  required  skills. 

5.  Acquaintance  with  efforts  to  deal  with  such 
problems. 

6.  Acquaintance  with  agencies  and  people  who  as- 
sume responsibility  for  the  problems  in  question. 

There  are  a number  of  matters  that  must  be  con- 
sidered when  using  field  studies  in  teaching  elemen- 
tary school  science. 

Background  Preparation 

Generally,  it  is  desirable  to  develop  the  pertinent 
conceptual  background  before  undertaking  a field 
study.  In  the  above  examples,  reading  about  soil  ero- 
sion and  its  causes  (Book  3,  "Our  Planet  Earth"; 
Book  6,  "Life  on  the  Earth"),  viewing  a film  that 
shows  how  the  process  takes  place,  performing  experi- 
ments to  determine  the  effectiveness  of  plant  cover  in 
reducing  erosion,  and  discussing  the  facts  involved 
would  help  to  build  the  essential  conceptual  back- 
ground for  the  three  field  studies.  This  would  give 
children  the  "eyes"  with  which  to  observe  and  inter- 
pret their  observations. 

Comprehensiveness  of  the  Field  Study 

The  field  study  should  not  be  so  comprehensive 
that  teachers  and  pupils  "get  lost"  in  carrying  it  out. 
In  the  above  examples,  there  were  three  distinct,  man- 
ageable phases  involved.  Each  phase  had  a specific 
purpose  to  accomplish.  The  first  phase  had  to  do  with 
locating  places  where  soil  erosion  was  taking  place. 
The  second  was  the  selection  of  one  of  these  for  fur- 
ther study.  The  third  was  finding  out  how  other  people 
solve  the  problem  on  a larger  scale. 


Personal  Commitment 

Wherever  possible,  the  field  study  should  provide 
for  a personal  commitment  from  each  pupil.  In  these 
studies  each  pupil  was  encouraged  to  locate  places 
where  soil  erosion  was  taking  place  in  his  neighbor- 
hood and  to  share  his  findings  with  the  class.  In  addi- 
tion to  work  on  the  class  control  project,  individual 
pupils  were  encouraged  to  undertake  small-scale  con- 
trol in  their  own  neighborhoods. 

Preplanning 

Preplanning  can  pay  high  dividends  in  accomplish- 
ing the  specific  purposes  of  a field  study.  There  are 
two  aspects  to  preplanning:  the  teacher's  preplanning 
by  himself  and  the  preplanning  that  the  teacher  does 
with  his  pupils.  It  is  reasonable  to  assume  that  pre- 
planning on  the  part  of  the  teacher  would  lead  to  the 
decision  to  conduct  the  three  field  studies  in  the  se- 
quence described  earlier.  He  would  be  responsible  for 
planning  and  making  decisions  regarding  the  feasibil- 
ity of  various  approaches  to  each  study.  He  would 
also  have  the  responsibility  for  making  administrative 
arrangements.  He  would  then  involve  his  pupils  in 
planning  the  details. 

Prior  to  the  first  field  study  (that  of  locating  places 
where  erosion  had  taken  place),  the  teacher  and  pupils 
would  work  together  in  deciding  upon  the  kinds  of 
evidence  that  they  would  look  for.  They  would  make 
plans  for  recording  the  evidence  and  indicating  the 
places  where  the  evidence  was  found.  They  would 
plan  how  to  proceed  from  the  classroom  to  the  places 
they  were  going  to  visit.  They  would  plan  how  the 
time  allotted  for  the  study  would  be  used. 

Field  Studies  as  Investigations 

Field  studies  should  be  carried  out  as  investiga- 
tions rather  than  as  idle  excursions  away  from  school. 
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To  be  an  investigation,  a field  study  must  have  a 
clearly  defined  purpose.  Although  children  will  use 
many  skills,  such  as  those  involved  in  communicating, 
observing,  comparing,  classifying,  interpreting,  and 
evaluating,  the  development  of  these  should  not  be- 
come the  primary  purpose  of  a field  study  carried  out 
as  an  investigation.  Its  purpose  should  be  to  obtain 
information  and/or  to  solve  a problem. 

In  the  first  field  study  on  soil  erosion,  the  purpose 
was  to  locate  places  where  erosion  was  taking  place. 
In  the  second,  it  was  to  suggest  ways  to  control  erosion 
in  one  of  the  locations.  In  the  third,  it  was  to  find  out 
how  erosion  is  controlled  on  a large  scale.  The  pur- 
pose of  each  investigation  should  be  made  clear  to  all 
who  are  involved  in  it.  Each  activity  in  the  investiga- 
tion should  relate  clearly  to  its  purpose. 

Where  investigations  involve  the  collection  of  spe- 
cific data,  plans  should  be  made  for  recording  them 
in  an  organized  manner.  The  organization  will  be  de- 
termined by  the  manner  in  which  the  data  are  to  be 
used.  For  example,  if  the  field  study  is  to  locate  places 
where  soil  is  being  eroded  by  runoff  water,  a decision 
will  have  to  be  made  regarding  the  area  to  be  ex- 
plored. Suppose  it  were  limited  to  the  school  grounds 
or  to  a vacant  lot  near  the  school  or  to  a three-square- 
block  area  adjacent  to  the  school.  Before  the  explora- 
tion was  begun,  a decision  would  have  to  be  made 
regarding  the  method  of  recording  the  sites  of  erosion 
once  they  were  found.  In  this  case  it  would  be  reason- 
able to  use  a mapping  method.  A map  would  be 
drawn  of  the  area.  The  map  would  be  duplicated  and 
each  pupil  given  a copy.  As  erosion  sites  were  found, 
they  might  be  located  on  the  map  by  placing  an  X at 
the  appropriate  spots.  Some  legend  might  even  be 
used  to  indicate  how  severe  the  erosion  was  at  the 
different  sites.  These  data  could  then  be  referred  to  in 
selecting  the  one  area  that  would  become  the  test 
site  for  the  control  study. 

Where  the  investigation  has  to  do  with  solving  the 
erosion  problem  in  one  of  the  places,  other  methods 


of  recording  data  might  be  used.  First,  a record  should 
be  made  of  the  nature  and  extent  of  erosion  at  the 
selected  site.  Next,  the  method  by  which  the  erosion 
is  to  be  checked  should  be  recorded.  Finally,  the  re- 
port should  be  concluded  with  statements  regarding 
the  apparent  success  of  the  method  used. 

Where  the  investigation  has  to  do  with  finding  out 
what  methods  are  used  to  control  erosion  on  a large 
scale,  the  data  would  probably  be  recorded  as  answers 
to  a list  of  questions  prepared  before  the  trip  was 
taken  to  the  site.  Different  pupils  might  be  given  the 
responsibility  for  obtaining  answers  to  certain  of  the 
listed  questions.  After  the  answers  were  obtained,  the 
study  would  be  concluded  by  a written  report  that 
explained  a method  of  controlling  soil  erosion  on  a 
large  scale. 

Each  investigation  should  culminate  in  something 
that  represents  a record  of  what  was  accomplished  as 
a result  of  the  investigation.  Investigations  should  run 
full  cycle,  from  purpose  back  to  purpose.  The  findings 
of  the  field  study  should  be  reported  in  ways  that  show 
how  the  purpose  of  the  field  study  was  accomplished. 

The  Size  of  the  Group 

Where  it  is  impractical  for  the  entire  class  to  par- 
ticipate in  a field  study,  a similar  group  of  pupils  or 
an  individual  pupil  might  conduct  the  study  for  the 
class.  Suppose  that  the  problem  of  transportation  to 
the  site  where  large-scale  soil  conservation  was  being 
practiced  precluded  the  possibility  of  the  entire  class's 
making  the  trip.  The  teacher  or  one  of  the  parents 
might  take  one  or  more  pupils  to  the  site.  They  could 
obtain  answers  to  the  questions  that  the  class  had 
prepared.  Arrangements  might  even  be  made  for  them 
to  take  pictures  to  illustrate  the  various  practices. 
These  could  be  used  in  making  a report  to  the  whole 
class. 

There  are  various  ways  in  which  teachers  can 
learn  about  the  types  of  field  studies  that  might  be 
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carried  out  by  their  pupils.  In  Science  for  Tomorrow's 
World , field  studies  are  suggested  at  appropriate 
places  in  the  pupil's  text  and  in  the  Teachers'  Anno- 
tated Edition: 

BOOK  1 

Visit  a pet  shop  (p.  99). 

BOOK  2 

Compare  the  warm  and  cool  ground  outside 
your  school  or  house  (p.  111). 

BOOK  3 

Visit  a planetarium  (p.  35). 

Plan  a trip  to  a museum  (p.  89). 

Visit  a food  market  or  a farm  (p.  219). 

BOOK  4 

Visit  a public  library  (p.  131). 

Visit  a fire  station  (p.  309). 

Visit  a water  purification  plant  (p.  314). 

BOOK  5 

Visit  a botanical  garden  (p.  75). 

Visit  a drug  company  (p.  163). 

Visit  a textile  factory  (p.  208). 

Visit  a weather  station  (p.  261). 

BOOK  6 

Visit  an  electric  utility  company  (p.  140). 

Visit  an  astronomical  observatory  (p.  190). 

Visit  a biome  (p.  296). 

Visit  a zoo  (p.  341). 

The  soil  erosion  field  studies  described  earlier  come 
from  this  source.  Generally,  schools  which  have  de- 
tailed courses  of  study  include  field  studies  among  the 
suggested  learning  activities.  Science  and  Children, 
published  by  the  National  Science  Teachers  Associa- 
tion, 1201  Sixteenth  Street,  N.W.,  Washington,  D.C., 
is  designed  primarily  for  elementary  school  teachers. 
Each  issue  contains  articles  that  include  out-of-class- 
room  activities  in  elementary  science. 


Some  school  systems  supply  teachers  with  guides 
to  sites  in  the  community  where  field  studies  may  be 
conducted.  These  guides  include  such  information  as: 

1.  Name  of  site. 

2.  Location  and  directions  for  reaching  it. 

3.  Age  level  for  which  its  use  is  best  suited. 

4.  Science  topics  to  which  the  use  of  the  site  is 

related. 

5.  Data  which  might  be  obtained  at  the  site. 

6.  Specimens  or  materials  that  could  be  collected. 

7.  Times  most  suitable  for  visiting. 

8.  Person  with  whom  arrangements  should  be 

made. 

9.  Special  regulations. 

10.  Safety  factors  to  consider. 

11.  Evaluation  statements  made  by  those  who  have 
previously  visited  the  site. 

Sometimes  good  ideas  for  field  studies  can  be  ob- 
tained by  talking  over  the  problem  with  other  teach- 
ers, especially  secondary  school  science  teachers.  Fi- 
nally, elementary  school  teachers  should  not  under- 
rate their  own  creative  imagination  in  discovering  field 
studies  that  will  add  a new  dimension  to  their  science 
teaching. 

Evaluating  Field  Studies 

After  the  field  -study  is  completed,  it  should  be 
evaluated  by  teacher  and  pupils.  One  of  the  first  ques- 
tions to  ask  in  evaluating  a field  study  is,  "Did  it  ac- 
complish its  purpose?"  Where  it  failed,  the  next  perti- 
nent question  is,  "Why?"  The  answers  to  this  latter 
question  then  become  clues  to  the  safeguards  that 
should  be  exercised  in  the  next  field  study. 
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Suppose,  on  their  first  soil  erosion  field  study,  chil- 
dren failed  to  find  the  evidences  of  soil  erosion  that 
had  been  anticipated  by  the  teacher.  This  might  indi- 
cate that  the  teacher  had  not  done  a careful  job  in 
selecting  the  area  to  be  studied.  It  might  mean  that 
the  children  had  not  been  properly  briefed  regarding 
the  kinds  of  evidence  for  which  to  look.  It  might  also 
mean  that,  for  one  reason  or  another,  pupils  had  not 
observed  carefully  enough. 

Suppose,  on  their  second  field  study,  the  plan  de- 
veloped by  the  pupils  did  not  control  the  erosion.  This 
might  be  accounted  for  by  the  fact  that  they  had 
not  considered  all  causative  factors  and  thus  had  not 
provided  controls  for  some  of  them.  It  might  also  be 
that  the  plan  was  a good  one,  but  they  failed  to  carry 
out  some  phase  of  it. 

Both  teachers  and  pupils  experience  great  disap- 
pointment when  projects  such  as  field  studies  do  not 
turn  out  as  expected.  Both  are  tempted  to  forget  the 
whole  thing  and  to  go  on  to  something  else.  But  there 
is  always  a reason  for  things  not  turning  out  as  ex- 
pected. To  find  the  reasons  and  to  carry  out  another 
study  is  an  equally  important  educational  experience. 
From  it,  pupils  learn  that  one  must  have  as  many 
pertinent  facts  as  possible  before  making  his  plan,  and 
furthermore  that  his  plan  should  take  all  pertinent 
facts  into  consideration.  Finally,  the  pupil  learns  that 
the  study  must  be  carried  out  in  terms  of  each  detail 
of  the  plan. 

Local  Conditions 

The  use  of  field  studies  has  to  be  adapted  to  local 
conditions.  One  local  condition  has  to  do  with  the 
availability  of  sites.  The  soil  erosion  field  studies  de- 
scribed earlier  are  those  that  could  be  carried  out  in 
most  school  situations.  Even  for  schools  located  in 
cities  where  there  are  asphalt-covered  playgrounds, 
the  teacher  and  class  should  not  have  to  go  far  from 
school  to  find  a vacant  lot  or  a small  park  area  where 


soil  is  exposed.  And  wherever  soil  is  exposed,  there 
will  be  erosion.  Somewhere,  in  practically  every  com- 
munity, new  buildings  or  houses  are  being  con- 
structed. Highway  construction  is  taking  place  across 
the  country.  In  these  places,  soil  is  being  exposed  to 
erosion. 

Records  of  Field  Studies 

A file  should  be  maintained  of  all  completed  field 
studies.  The  file,  prepared  by  the  teacher,  might  con- 
sist of  one-page  summaries  of  each  field  study,  sup- 
plemented by  a copy  of  one  of  the  better  reports  writ- 
ten by  the  pupils.  The  teacher's  summary  should  in- 
clude the  following  information: 

1.  Purpose  of  the  field  study. 

2.  The  science  unit  to  which  it  is  related. 

3.  The  site  and  person  with  whom  arrangements 
were  made. 

4.  The  number  of  pupils  involved. 

5.  Persons  who  assisted  with  the  study. 

6.  The  date  the  study  was  begun  and  the  date  it 
was  completed. 

7.  Problems  encountered,  along  with  notes  as  to 
how  each  problem  was  handled. 

8.  What  pupils  learned  from  the  study. 

9.  Points  to  keep  in  mind  in  planning  another, 
similar  study. 

Records  such  as  these  will  be  helpful  not  only  in 
future  planning  of  field  studies,  but  also  in  sharing 
ideas  about  field  studies  with  other  teachers.  The  shar- 
ing might  be  in  your  own  school  or  with  many  ele- 
mentary school  teachers  through  an  article  written  for 
a journal  such  as  Science  and  Children. 
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USING  THE  COMMUNITY 

There  are  a number  of  good  reasons  why  teachers 
should  make  maximum  use  of  their  communities 
in  teaching  science.  The  ways  in  which  science  relates 
to  the  lives  of  people  can  be  effectively  demonstrated 
by  activities  taking  place  in  the  community.  In  many 
communities  there  are  people  who  are  uniquely  quali- 
fied to  serve  as  authoritative  sources  of  scientific  infor- 
mation pertaining  to  many  of  the  topics  studied  in 
class.  Local  institutions  such  as  libraries,  museums, 
planetariums,  parks,  zoos,  and  aquariums  have  been 
established  as  sources  of  information  not  usually  avail- 
able elsewhere  in  the  community.  Finally,  through 
proper  use  of  community  resources,  the  people  in- 
volved become  better  acquainted  with  the  educational 
program  of  the  school  and  the  ways  in  which  teachers 
are  attempting  to  implement  it.  This  is  particularly 
important  in  elementary  science,  because  science  was 
not  taught  in  the  elementary  school  when  many  of  the 
community's  adults  were  pupils  themselves. 

Environmental  Resources 

Science  teaching  should  begin  with  the  ongoing 
experiences  of  children.  It  should  move  to  other  ex- 
periences from  which  children  can  gain  more  sophisti- 
cated insights  or  concepts.  Finally,  the  new  concepts 
should  be  used  to  reinterpret  aspects  of  the  immediate 
environment.  Science  then  becomes  a way  of  making 
the  environment  more  meaningful. 


The  child's  immediate  environment  is  the  com- 
munity in  which  he  lives.  It  is  both  a natural  environ- 
ment and  a man-made  environment.  His  natural  en- 
vironment includes  the  sky  above  him,  the  nearby 
woods  and  fields,  streams  and  ponds,  rain,  wind,  sun- 
light, clouds,  snow,  rocks  and  soil,  plants  and  animals, 
and  other  people.  His  man-made  environment  includes 
school  buildings  and  houses;  bicycles,  automobiles, 
trucks,  tractors,  and  airplanes;  highways,  railroads,  and 
streets;  telephones,  radios,  and  television;  rockets  and 
spacecraft;  filling  stations  and  airports;  stoves  and 
refrigerators;  baseballs  and  bats;  factories  and  stores; 
and  even  merry-go-rounds  and  Ferris  wheels.  Such  an 
analysis  as  the  above  could  be  extended  almost  in- 
definitely. What  is  indicated  is  that  the  community 
represents  a laboratory  with  almost  unlimited  re- 
sources for  teaching  science.  In  fact,  the  environ- 
mental resources  in  any  community  are  so  extensive 
that  teachers  may  find  it  difficult  to  know  where 
to  begin. 

Application  of  Concepts 

You  could  begin  by  writing  the  title  of  each  unit 
in  your  science  text  on  a separate  sheet  of  paper. 
Under  each  title,  list  the  topics  that  are  dealt  with  in 
that  unit.  Next  to  each  topic,  list  activities  in  your 
community  that  might  be  used  in  helping  to  teach  the 
concepts  with  which  the  topic  deals.  Here  is  an  exam- 
ple of  how  this  might  be  done  for  some  of  the  topics 
in  a unit  on  forces  (Book  4,  Unit  2): 


UNIT:  FORCES 

Community  Activities  and  Objects 
Topics  to  Wnich  Concepts  Apply: 

Making  things  move  Men  loading  a truck  by  hand; 

Men  shoveling  gravel; 

Hoist  used  by  a construction  gang 
working  on  a building. 
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Forces  of  different  sizes 


Measuring  forces 


Keeping  things  from  moving 


Balancing  forces 


Forces  have  direction 


Bulldozer  digging  a basement  for  new 
apartment  houses; 

Car  lift  at  a local  filling  station; 

Automatic  door-opener  at  a 
supermarket. 

Scales  used  in  weighing  baggage  at 
an  airline  terminal; 

Scales  for  weighing  trucks  at  inspection 
stations  on  highways; 

Scales'for  weighing  children  in  the 
nurse's  office; 

The  recorded  weight  tests  of  fishing  lines' 
sold  in  a sporting  goods  store; 

Testing  air  pressure  in  tires  at  a filling 
station; 

Posted  load  limits  on  bridges; 

Posted  load  limits  on  elevators; 
Anemometer  at  a weather  station. 

Brakes  on  automobiles; 

Prop  reversal  for  slowing  down 
airplanes; 

Retaining  walls  on  the  side  of  a steep 
hill; 

Plant  cover  to  prevent  soil  erosion. 

Sanding  icy  streets; 

Supports  on  a stepladder; 

Timber  braces  in  a mine; 

Supporting  trees  to  protect  from 
high  winds; 

Bicycle  stands; 

Door  stops; 

Umbrella  stops; 

Scaffolding  to  support  workmen. 

Weather  vane  to  indicate  direction 
of  winds; 

Hitting  a baseball,  a tennis  ball,  or  a 
golf  ball;  throwing  a baseball  or  a 
bowling  ball;  shooting  baskets. 


Going  faster 
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Roller  coaster; 

Streamlined  cars; 

Skiing  on  steep  slopes. 

Changing  directions  Steering  wheels  on  automobiles; 

Rudders  on  airplanes; 
Handlebars  on  bicycles. 


These  are  only  a few  local  examples  of  how  certain 
science  concepts  are  applied.  As  you  search  for  others, 
many  more  may  be  found.  Once  the  searching  process 
is  started,  pupils  should  be  encouraged  to  take  part. 
As  pupils  find  additional  examples,  the  meaning  of 
the  concept  will  become  more  firmly  established  in 
their  minds. 

The  Community  as  a Source  of  Problems 

The  community  not  only  provides  many  examples 
of  how  science  concepts  are  being  applied,  but  it  is 
often  a source  of  problems  that  require  science  for 
their  solution.  Here  is  an  example  of  how  one  class 
became  involved  in  an  interesting  local  problem.  At 
about  the  time  the  class  had  completed  their  study 
of  a unit  on  conservation,  an  editorial  dealing  with 
the  disposition  of  unsightly  junked  car  bodies  ap- 
peared in  the  local  paper.  The  editorial  proposed 
that  the  bodies  be  dumped  into  one  of  the  Great 
Lakes — Lake  Ontario.  According  to  the  editorial,  this 
would  remove  an  eyesore  from  the  landscape  and  at 
the  same  time  provide  cover  at  the  bottom  of  the 
lake  for  fish.  In  fact  it  was  reported  that  local  fishermen 
were  in  favor  of  the  proposal. 

Since  pupils  in  this  science  class  had  learned 
about  the  importance  of  conserving  metals,  such  as 
those  used  in  making  car  bodies,  they  felt  that  the 
plan  would  be  a waste  of  mineral  resources.  They 
believed  it  would  be  much  better  to  reclaim  the 
metal,  and  so  they  decided  to  write  to  the  editor  of 
the  paper  about  their  opinions.  But  their  teacher  en- 


couraged them  to  check  all  of  the  facts  involved  in 
the  situation  before  they  wrote  the  letter. 

A clipping  of  the  editorial,  along  with  an  expla- 
nation of  what  the  science  class  proposed  to  do,  was 
sent  to  the  United  States  Department  of  the  Interior 
for  evaluation.  An  assistant  secretary  of  the  Depart- 
ment replied  with  a two-page  letter.  Two  paragraphs 
from  his  letter  are  quoted  below: 

With  respect  to  the  disposal  of  automobile 
bodies,  it  should  be  recognized  first  of  all  that 
the  major  part  by  weight  of  a junked  car — the 
chassis — is  very  largely  reclaimed,  either  for 
used  parts  or  for  steel  furnace  feed,  before 
the  unsightly  body  shell  arrives  in  a so-called 
automobile  graveyard.  These  shells  have  little 
or  no  reclamation  value  for  several  reasons. 
First,  enormously  expensive  machinery  must 
be  maintained  at  the  waste  dealer's  yard  in 
order  to  compact  the  bulky  shell  into  a form 
that  can  be  charged  into  a furnace;  second, 
a serious  smog  problem  is  involved  in  burning 
out  organic  material  like  upholstery  before 
the  compacting  can  take  place;  and  third, 
the  extensive  electrical  systems  in  modern 
automobiles  introduce  enough  copper  wiring 
in  the  shell  to  degrade  the  iron  and  steel 
reclaiming  in  smelting.  The  net  result  is  the 
absence,  in  most  instances,  of  a profit  incen- 
tive for  scrap  dealers  to  reduce  automobile 
bodies  to  a form  saleable  to  steelmakers  in 
competition  with  metal  derived  from  cheap 
and  plentiful  iron  ore. 


48 


Disposal  of  automobile  bodies  in  the  Great 
Lakes  raises  other  problems.  The  Depart- 
ment's Fish  and  Wildlife  Service  reports  that 
auto  bodies  have  been  dumped  offshore  into 
salt  water  apparently  without  harmful  effects, 
but  without  much  benefit  to  the  fish  because 
the  bodies  tend  to  fill  with  silt  and  to  lose 
form  through  rapid  rusting.  This  Service  notes, 
however,  that  disposal  in  the  fresh  water  of 
the  Great  Lakes  poses  other  objections,  in 
particular,  the  absorption  of  the  water's  oxy- 
gen, during  the  rusting  process,  from  waters 
already  seriously  deficient  in  this  gas  for  the 
support  of  valuable  acfuatic  life  because  of 
other  wastes. 

It  is  quite  obvious  that  both  the  teacher  and  his  pu- 
pils, through  becoming  involved  in  this  community 
problem,  had  their  concepts  of  conservation  practices, 
as  well  as  the  science  involved,  extended  considerably 
beyond  the  unit  on  conservation  that  they  had  studied. 
In  addition,  the  pupils  learned  that  one  should  get 
all  the  evidence  before  making  a decision  about 
a problem  such  as  this  one.  At  first  the  problem 
appeared  to  be  a relatively  simple  one,  with  a clear- 
cut  solution.  However,  it  turned  out  to  be  much 
more  complex.  Finally,  they  learned  how  govern- 
ment agencies,  such  as  the  United  States  Depart- 
ment of  the  Interior,  can  be  sources  of  information. 

Resource  People  in  the 
School  and  Community 

In  some  schools,  files  are  kept  of  the  names  and 
addresses  of  persons  in  the  local  community  who 
may  be  used  as  resource  persons  for  various  purposes. 
These  generally  include  teachers  and  other  persons 
in  the  school.  Where  a school  does  not  have  such 
a file,  it  would  be  well  to  start  one.  A good  place 
to  begin  would  be  with  those  who  could  be  used  as 
resource  persons  in  the  elementary  science  program. 


In  addition  to  their  professional  teaching  compe- 
tence, there  often  are  teachers  in  school  systems  who 
have  had  other  experiences  that  qualify  them  to 
serve  as  resource  persons  in  elementary  science.  In- 
cluded among  these  would  be  experiences  in  outdoor 
recreational  activities  such  as  hunting,  fishing,  bird 
watching,  stargazing,  boating,  mountain  climbing, 
and  swimming;  industries  such  as  farming,  manufactur- 
ing, lumbering,  mining,  construction,  and  transpor- 
tation; institutions  such  as  hospitals;  agencies  such 
as  the  Forest  Service,  National  Park  Service,  and 
Conservation  Service;  and  hobbies  such  as  photogra- 
phy, radio,  aviation,  and  even  rocketry.  There  are 
people,  other  than  teachers,  in  the  community  who 
have  had  experiences  such  as  those  enumerated  above 
and  who  may  be  more  available  during  school  time. 
To  find  all  of  them  becomes  quite  a problem.  In  some 
schools  the  P.T.A.  takes  on  the  job  of  locating  them. 
This  is  generally  done  by  sending  out  a suitable 
questionnaire  to  the  patrons  of  the  school.  Where 
such  an  organized  search  is  not  possible,  teachers 
may  have  to  rely  upon  their  pupils  and  other  persons 
in  the  school  to  help  locate  resource  people  in  the 
community. 

Usually  there  are  a number  of  professional  peo- 
ple in  communities  who,  by  virtue  of  their  professions, 
potentially  qualify  as  resource  persons  in  science. 
These  include  scientists,  engineers,  doctors,  and 
nurses.  There  are  others  whose  business  or  work  may 
qualify  them  as  resource  persons.  These  include  air- 
plane pilots,  firemen,  laboratory  technicians,  food 
processers,  manufacturers,  builders,  and  automotive 
mechanics.  A good  way  to  locate  others  in  this  latter 
category  is  to  examine  the  classified  telephone  direc- 
tory of  your  community. 

Museums  as  a Community  Resource 

If  your  school  is  located  in  a community  that 
has  a museum,  you  will  surely  want  to  use  it  as  a 


resource  in  your  science  teaching.  Your  school 
may  have  an  inventory  of  the  museum  facilities 
available  for  school  use.  If  it  does,  you  should  ex- 
amine it  to  determine  which  ones  would  be  suitable 
in  your  science  course.  If  it  doesn't,  you  can  write 
to  the  curator  of  the  museum  for  such  information. 
Here  is  a partial  list  of  exhibits  listed  in  the  general 
guide  to  one  rather  large  museum: 

Minerals  and  gems 

Fossil  fish 

Dinosaurs 

Ice  age  mammals 

Insects  and  spiders 

Fishes 

Amphibians  and  reptiles 

Birds 

Mammals 

Animal  behavior 

Man  and  his  origin 

The  natural  history  of  man 

Ecology 

North  American  forests 

From  a list  such  as  this,  you  can  select  the  two 
or  three  which  you  think  might  be  worthwhile  for 
your  pupils  to  visit.  Next,  you  should  visit  the  museum 
to  find  out  more  about  the  exhibits  you  have  selected. 
When  you  do  this,  plan  to  spend  sufficient  time  to 
make  a reasonably  thorough  study  of  each  exhibit. 
Take  notes  on  points  of  particular  interest. 

There  are  two  ways  in  which  you  can  get  your 
pupils  to  the  museum.  Probably  the  best  way  is  to 
arrange  to  take  them  yourself.  If  you  do,  have  several 
parents  accompany  you  to  assist  in  supervising  the 
children.  Another  way  is  to  encourage  parents  to  take 
their  own  children.  Whichever  way  is  used,  some 
time  must  be  spent  in  preparing  the  children  for  what 
they  are  to  observe  and  how  they  are  to  observe  it. 
This  is  where  you  will  make  use  of  the  notes  taken 
during  your  earlier  visit  to  the  museum.  From  these 
notes,  you  can  prepare  a statement  regarding  the 


general  nature  of  the  exhibits  to  be  visited  and  how 
they  are  related  to  concepts  that  pupils  have  been 
studying,  or  will  be  studying,  in  science.  Specific  sug- 
gestions of  what  to  look  for  should  be  given.  These 
might  be  formulated  as  questions  to  be  answered  as 
students  observe  the  exhibit.  If  you  use  the  question 
technique,  avoid  making  a large  number  of  detailed 
questions.  Long  lists  of  such  questions  often  result  in 
children's  not  seeing  the  forest  for  the  trees.  For  each 
selected  exhibit,  try  to  decide  on  the  two,  three, 
or  four  most  important  ideas  with  which  it  deals. 
Then  formulate  questions  that  will  highlight  the  ideas. 
Regardless  of  whether  you  take  your  pupils  or  their 
parents  take  them,  their  preparation  for  the  trip 
will  be  much  the  same.  It  is  doubtful  that  children 
can  experience  anything  but  confusion  from  an  un- 
selective,  unplanned,  and  unstructured  trip  to  a mu- 
seum. After  the  museum  trip,  there  should  be  a time 
at  school  for  review  and  summary  of  what  was 
learned. 

Planetariums  as  a Community  Resource 

In  planetariums,  a projector  is  used  to  display  the 
movement  of  heavenly  bodies  on  a hemispherical, 
or  bowl-shaped,  ceiling.  The  projector  can  be  set  to 
show  how  the  heavenly  bodies  appear  to  rise  in  the 
east,  move  across  the  sky,  and  set  in  the  west.  It  can 
also  be  used  to  show  how  the  stars  appear  to  an  ob- 
server on  the  earth  at  various  locations  from 
the  equator  to  the  poles.  Methods  of  locating  con- 
stellations and  prominent  stars  within  them  can  also 
be  demonstrated. 

If  there  is  a planetarium  in  or  near  your  com- 
munity, encourage  your  pupils  to  attend  one  of  the 
demonstrations.  Obviously  this  should  be  done  near 
the  time  that  they  are  studying  about  stars  and  planets 
in  their  science  class.  Since  the  director  changes  the 
planetarium  show  from  time  to  time,  you  should 
try  to  keep  informed  about  the  current  shows. 


49 


50 


Planetariums  usually  arrange  special  showings  for 
school-age  children.  It  might  be  possible  for  you  to 
combine  a planetarium  trip  with  a museum  trip  on 
the  same  day.  As  was  the  case  for  museum  trips, 
children  should  be  prepared  for  their  visits  to  the 
planetarium.  Admission  fees  are  usually  charged. 
However,  special  rates  are  given  for  school  groups. 

Parks  as  a Community  Resource 

Parks  serve  a number  of  functions  in  many  com- 
munities. They  are  places  where  people  may  go  for 
rest  and  recreation  in  natural  surroundings  of  trees, 
shrubs,  grass,  streams,  and  ponds.  They  are  places 
where  people  may  go  to  learn  more  about  the  living 
things  contained  within  the  park.  Parks  generally  con- 
tain a greater  variety  of  trees  and  shrubs  than  may 
be  found  in  any  other  place  in  the  community.  They 
can  thus  be  used  by  teachers  and  pupils  to  observe 
various  types  of  plant  life  and  to  identify  similarities 
and  differences  among  them.  Parks  can  be  used  in 
the  spring,  summer,  fall,  and  winter  to  demonstrate 
how  the  vegetation  changes  with  the  change  in  sea- 
sons. Parks  usually  have  ponds  or  lakes  that  serve 
as  a refuge  for  water  birds  such  as  ducks  and  geese. 
Because  they  are  protected,  the  birds  have  become 
less  afraid  of  people  and  can  be  observed  from  close 
quarters.  Pupils  can  observe  the  forms  and  shapes  of 
their  bodies,  their  eating  habits,  and  the  manner  in 
which  they  walk,  fly,  and  swim. 

Zoos  as  a Community  Resource 

From  the  point  of  view  of  children,  zoos  are 
among  the  most  popular  institutions  in  communities 
where  they  are  maintained.  Children  enjoy  observing 
animals.  Visits  to  the  zoo  can  become  significant  edu 
cational  experiences  in  science  if  they  are  properly 
planned.  In  planning  a trip  to  the  zoo,  teachers  need 
to  know  what  animals  are  kept  there,  from  where 


the  animals  were  obtained,  and  how  they  are  cared 
for.  This  information  can  best  be  obtained  by  teachers 
visiting  the  zoo  and  having  the  educational  director 
give  them  a conducted  tour.  For  a group  of  teachers, 
the  director  may  even  include  a "behind  the  scenes" 
tour  of  the  zoo.  On  such  a tour,  teachers  will  be 
shown  how  food  for  the  animals  is  selected  and  pre- 
pared, how  animals  are  treated  for  injuries  and  sick- 
ness, how  cages  are  cleaned,  and  how  animals 
requiring  special  kinds  of  environments  are  protected. 
With  background  such  as  this,  teachers  can  plan  the 
zoo  trip  with  their  pupils  so  that  it  becomes  an  in- 
tegral part  of  their  study  of  science. 

Institutional  Aquariums  as  a 
Community  Resource 

Institutional  aquariums  are  more  difficult  to 
maintain  than  zoos  and,  therefore,  are  not  as  common. 
But  where  they  are  maintained,  they  should  be  used 
by  teachers  to  reinforce  and  extend  science  concepts 
related  to  the  variety  of  living  things  and  how  living 
things  are  adapted  to  the  environmental  conditions 
in  which  they  are  found.  The  recommended  pro- 
cedures for  using  a zoo  also  apply  to  using  an  institu- 
tional aquarium.  Because  of  the  cost  of  maintaining 
an  aquarium,  there  is  usually  an  admission  fee.  As 
is  true  for  planetariums,  special  rates  are  usually 
given  to  school  groups. 

Libraries  as  a Community  Resource 

Although  firsthand  experiences  in  observing,  dem- 
onstrating, and  experimenting  are  of  paramount  im- 
portance in  learning  science  concepts  and  learning 
the  methods  of  science,  we  should  not  leave  children 
with  the  misconception  that  these  are  the  only  ways 
of  learning  about  science.  Books  and  periodicals  are 
the  most  commonly  used  sources  for  learning  about 
science.  This  is  as  true  for  the  scientist  as  it  is  for 


the  nonscientist.  Scientists  and  science  laboratories 
could  not  be  maintained  without  good  libraries. 

It  is,  therefore,  important  that  the  practice  of  using 
the  library  be  encouraged,  rather  than  discouraged, 
while  pupils  study  science  in  the  elementary  schools. 
As  evidence  of  the  scientist's  point  of  view  regarding 
the  importance  of  using  good  science  books,  the 
American  Association  for  the  Advancement  of  Science 
and  the  National  Science  Foundation  publish  bibli- 
ographies of  science  books  for  children.  These  bibli- 
ographies can  be  obtained  by  writing  to  the  American 
Association  for  the  Advancement  of  Science,  1515 
Massachusetts  Avenue,  N.W.,  Washington,  D.C., 
20005. 

Librarians  report  that  a very  high  proportion  of 
the  questions  that  children  bring  to  them  deal  with 
science.  To  provide  for  this  interest,  most  libraries 
maintain  a good  selection  of  children's  books  on  sci- 
ence. These  books  can  be  used  for  several  purposes. 
They  make  it  possible  for  children  who  want  to  find 
out  more  about  certain  science  topics  to  do  so.  They 
supply  information  on  new  developments  in  science. 
Some  deal  with  selected  science  topics  in  greater 
depth  than  is  possible  in  a science  textbook.  Others 
present  interesting  biographies  of  notable  scientists. 

One  of  the  best  ways  of  finding  out  how  you  can 
encourage  your  pupils  to  use  library  books  in  science 
is  to  visit  the  science  section  of  the  children's  reading 
room  in  the  library  in  your  community.  Acquaint 
yourself  with  the  wide  selection  of  titles.  Take  out 
several  books  and  read  them.  Then  tell  your  children 
about  the  books.  If  this  is  done  periodically,  you  can 
be  sure  that  more  and  more  of  the  children  will  begin 
using  the  library. 

USING  AUDIOVISUAL  MATERIALS 
IN  SCIENCE  TEACHING 

A great  variety  of  audiovisual  materials  is  being 
used  in  the  teaching  of  science.  They  range  from 
simple  line  diagrams  drawn  on  the  chalkboard  by 


teachers  to  elaborate  motion  pictures  that  cost  thou- 
sands of  dollars  to  produce.  All  are  designed  to  en- 
hance teaching  and  learning  through  the  use  of  the 
visual  and/or  auditory  senses. 

Audiovisual  materials  can  be  used  to  show  objects, 
conditions,  and  events  that  are  not  immediately  or 
directly  available  to  pupils,  thus  extending  the  range 
of  the  pupils'  classroom  experiences.  These  may  in- 
clude such  subjects  as  the  research  work  of  scientists 
in  Antarctica,  the  earth  as  seen  from  a spacecraft, 
and  conditions  at  the  bottom  of  the  ocean  as  photo- 
graphed by  a submarine  camera. 

Audiovisual  materials  can  restructure  the  time 
and  sequence  of  pupils'  activities  and  experiences, 
thus  making  the  activities  and  experiences  more  effec- 
tive for  educational  purposes.  Such  materials  include 
tape  recordings  of  interviews,  which  become  reliable 
records  of  questions  asked  by  pupils  and  answers 
given  by  an  authority  on  a topic  being  studied  in 
science;  pictures  taken  to  produce  reliable  records 
of  objects  or  processes  observed  during  a field  trip; 
pictures  of  the  same  child  at  different  ages  to  show 
growth  changes; ' slow-motion  pictures  of  activities 
such  as  running,  in  which  the  sequence  of  body  move- 
ments takes  place  so  rapidly  that  it  is  difficult  to  ob- 
serve the  details;  or  time-lapse  movies  of  events  such 
as  the  opening  of  a flower  bud,  which  takes  place  so 
slowly  it  is  impossible  to  observe  the  details  of  the 
marvelous  processes  involved. 

Audiovisual  materials  may  be  used  to  demon- 
strate procedures  and  to  illustrate  concepts  in  science. 
They  can  be  used  to  show  how  to  plan  and  conduct 
an  experiment,  to  dissect  an  animal,  to  use  a piece 
of  apparatus,  to  prepare  exhibits,  to  conduct  a science 
fair,  or  to  write  a report.  They  can  be  used  as  an  aid 
in  explaining  such  concepts  as  the  interdependence 
of  living  things,  action-reaction,  electric  currents, 
work,  chemical  change,  adaptations  of  living  things, 
and  practically  any  other  concept  studied  in  science. 
Audiovisual  materials  can  be  used  to  organize  and 
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integrate  concepts  dealing  with  such  topics  as  weather, 
nutrition,  and  spacecraft.  They  can  be  used  as  an 
aid  in  visualizing  such  concepts  as  the  enormous 
solar  system  and  the  minute  atom. 

Types  of  Audiovisual  Materials 

There  are  two  general  types  of  audiovisual  ma- 
terials: those  that  require  special  equipment  in  order 
to  use  them  and  those  for  which  no  special  equipment 
is  needed.  The  following  audiovisual  materials  re- 
quire special  equipment,  such  as  cameras,  projectors, 
recorders,  microscopes,  and  phonograph  machines: 

16  mm.  motion  picture  films 
8 mm.  motion  picture  films 
filmstrips 
2"  x 2"  slides 

prepared  microscope  slides 

large  transparencies  for  overhead  projection 

recordings,  both  tape  and  disk 

Among  those  materials  that  do  not  require  special 
equipment  are  exhibits  and  models.  The  remainder  of 
this  section  will  deal  with  ways  in  which  all  of  these 
materials  can  be  used  in  teaching  science. 

Motion  Pictures 

The  following  list  of  selected  titles,  from  the  cata- 
logue of  one  of  the  large  producers  of  educational 
films,  clearly  indicates  that  science  subjects  are  cov- 
ered extensively  by  motion  pictures  and  that  films  are 
available  for  every  grade  level: 

FOR  KINDERGARTEN  AND  GRADES  1-3 
Animals  and  Their  Foods 
Electricity  for  Beginners 
Energy  Does  Work 
How  Air  Helps  Us 
How  Animals  Help  Us 
How  Simple  Machines  Make  Work  Easier 


Living  and  Non-Living  Things 
Rocks:  Where  They  Come  From 
Sound  for  Beginners 
Winter  Comes  to  the  Forest 
Zoo  Babies 

The  Big  Sun  and  Our  Earth 
What  Do  We  See  in  the  Sky? 

FOR  GRADES  4-6 
Air  All  About  Us 
Chemical  Changes 
Color  and  Light 
Energy  and  Its  Forms 
Fossils:  Clues  to  Prehistoric  Times 
Heat  and  Its  Behavior 
How  Weather  Is  Forecast 
Introducing  Atoms  and  Nuclear  Energy 
Magnetism 

Beyond  Our  Solar  System 
Adaptations  of  Plants  and  Animals 
Fish  and  Their  Characteristics 
How  Flowers  Make  Seeds 

FOR  GRADES  7-9 

Airplanes : Principles  of  Flight 
Conserving  Our  Forests 
Electricity:  How  It  Is  Generated 
Field  Trip  to  a Fish  Hatchery 
Fire  and  Oxidation 

Electrons  and  Electronics:  An  Introduction 
Force  and  Motion 
Latitude,  Longitude,  and  Time  Zones 
Weather:  Understanding  Storms 
Gravity 

The  Structure  of  the  Earth 
Behavior  in  Animals  and  Plants 
Cell  Biology:  Life  Functions 

As  is  true  in  selecting  any  audiovisual  material, 
films  should  be  selected  for  use  in  science  teaching 
only  when  they  relate  closely  to  the  work  at  hand. 
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Furthermore,  they  should  be  suitable  for  the  grade 
level  at  which  they  are  to  be  used.  Film  catalogues 
carry  descriptions  of  each  listed  film  along  with  a 
statement  regarding  the  grade  level  for  which  it  is 
best  suited.  For  example,  here  is  a description  of  the 
one-reel,  eleven-minute  color  film  Animals  and  Their 
Foods  given  in  the  catalogue:  "The  animals  in  this 
film  are  divided  into  groups  according  to  the  foods 
they  eat:  (1)  plant  eaters;  (2)  meat  eaters;  and  (3) 
those  that  eat  both  plants  and  meat.  The  illustrations 
explain  the  basic  concept  that  different  animals  are 
suited  to  eating  different  kinds  of  food."  Another  ex- 
ample is  the  description  for  the  film  entitled  Electric- 
ity for  Beginners:  "A  flashlight  that  doesn't  work 
leads  Frank  and  Joan  to  a basic  concept:  Electricity 
flows  only  in  a continuous  pathway.  Simple  demon- 
strations in  a hardware  store  show  how  electricity 
can  produce  heat,  light,  and  magnetism,  which  in 
turn  can  produce  motion  in  a small  motor.  The  film 
also  emphasizes  the  importance  of  safety  with 
electricity." 

Larger  school  systems  usually  maintain  an  audio- 
visual center  for  motion  pictures  such  as  those  previ- 
ously discussed.  Where  this  is  not  the  case,  films  have 
to  be  rented  from  an  agency.  Under  such  conditions, 
teachers  often  must  plan  for  the  use  of  specific  films 
as  much  as  a year  in  advance.  But  it  is  not  always 
possible  to  anticipate  the  exact  date  upon  which  a 
specific  topic  will  be  used  in  a science  class.  Therefore, 
the  dates  for  which  films  are  ordered  are  usually 
tentative.  But  the  films  arrive  on  the  dates  ordered 
and  can  be  kept  for  only  a few  days.  It  is  not  always 
possible  to  coordinate  teaching  with  the  prearranged 
film  schedule.  When  this  happens,  teachers  have  to 
adapt  their  use  of  the  film  to  fit  the  situation.  When 
the  film  arrives  ahead  of  the  time  that  the  topic  for 
which  it  was  selected  is  being  studied,  the  teacher 
may  find  it  necessary  to  use  the  film  as  a preview 
for  what  is  to  come  in  science.  When  it  arrives  after 
the  topic  has  been  studied,  the  teacher  may  find  it 


advantageous  to  use  the  film  as  a review  of  the  topic. 

Much  of  the  success  experienced  by  teachers  in 
using  movie  films  is  a direct  result  of  the  preparation 
they  make  for  their  use.  They  select  only  those  films 
that  are  related  to  what  they  are  teaching  in  science. 
They  read  carefully  the  teaching  guide  that  accompa- 
nies the  film  to  become  better  acquainted  with  its 
purpose  and  content.  They  preview  the  film  to  find  out 
for  themselves  what  it  is  all  about.  They  prepare  a suit- 
able introduction  to  be  used  in  presenting  the  film 
to  their  pupils.  After  the  film  is  shown,  it  is  discussed 
with  pupils  to  make  certain  that  its  important  points 
are  reviewed  and  related  to  the  work  at  hand. 

Also  available  to  teachers  are  8 mm.  cartridge- 
type  film  loops,  known  as  single  concept  films.  Such 
cartridge  films  require  no  threading,  no  rewinding, 
and  only  minimal  handling.  Each  cartridge  provides 
about  three  to  five  minutes  of  viewing  time,  pin- 
pointing and  highlighting  a single  concept.  Thus,  di- 
gestion, the  structure  of  the  atom,  sound  waves,  and 
carbohydrates  all  might  be  subjects  for  the  cartridge 
films.  These  films,  although  they  do  require  special, 
moderately  priced  projection  equipment,  are  an  ex- 
tremely valuable  adjunct  to  the  teaching  of  a lesson. 
They  enable  the  teacher  to  point  up  a particular  aspect 
of  the  lesson  with  ease  and  clarity. 

Filmstrips 

There  are  filmstrips  for  practically  every  topic 
studied  in  science.  Filmstrips  have  some  advantages 
over  movie  films.  Since  they  are  less  expensive,  indi- 
vidual schools  can  have  selected  collections  of  them 
readily  available  for  use  in  the  classroom.  It  is  easy  to 
operate  a filmstrip  projector.  Pupils  can  participate 
by  asking  questions  and  giving  explanations  during 
the  time  it  is  being  shown.  It  can  easily  be  reversed 
to  review  frames  whenever  desirable. 

Some  filmstrips  are  accompanied  by  sound  records. 
The  sound  accompaniment  is  usually  commentary  for 
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each  of  the  frames  and  must  be  synchronized  with  the 
pictures  by  the  operator  of  the  projector.  The  accom- 
panying sound  commentary  covers  all  important  points 
with  which  each  frame  deals.  Printed  commentaries  are 
also  supplied  with  filmstrips  so  that  the  teacher  may 
read  as  the  filmstrip  is  being  shown.  The  use  of  a 
printed  commentary  gives  the  teacher  the  advantage 
of  being  able  to  pace  the  showing  of  the  filmstrip  to 
accommodate  the  reactions  and  questions  of  the 
viewers.  It  is  desirable  for  teachers  to  preview  the 
filmstrips  before  classroom  use.  Furthermore,  only 
those  filmstrips  that  relate  closely  to  the  topics  being 
studied  should  be  selected  for  use. 

2"x2"  Slides 

These  are  transparencies  whose  dimensions  are 
2 inches  by  2 inches.  Generally  they  are  color  trans- 
parencies. Most  of  the  advantages  of  filmstrips  also 
hold  for  2"  x 2"  slides.  Also,  while  the  pictures  in  a 
filmstrip  are  arranged  in  a definite  sequence,  it  is 
possible  to  arrange  the  2"  x 2"  slides  into  whatever 
sequence  seems  appropriate  at  the  time.  The  2"  x 2" 
slides  have  another  advantage  in  that  teachers  and 
pupils  can  take  their  own  pictures  with  the  proper 
camera  and  use  them  to  make  up  their  own  class- 
room collection  of  slides.  Here  is  a list  of  subjects, 
each  of  which  could  be  made  into  a picture  story 
using  2"  x 2"  slides: 


Seasons  in  Our  Town 
Machines  Make  Work  Easier 
The  Care  of  Animal  Pets 
Evidence  That  Air  Is  a Substance 
Increasing  and  Decreasing  Friction 
Evidences  of  the  Water  Cycle 
Rates  at  Which  Different  Seeds  Grow 
Forces 

Units  of  Measurement 


Using  the  Microscope 

The  compound  microscope  is  the  type  most  com- 
monly used  in  classrooms.  This  microscope  has  an  eye- 
piece lens  and  an  objective  lens,  each  one  magnifying 
the  image  of  the  object  to  be  viewed.  Light  strikes 
the  mirror  near  the  base  of  the  microscope  and  then 
passes  through  an  opening  in  the  stage.  The  light 
continues  through  the  objective  lens,  the  tube,  and 
the  eyepiece  until  it  reaches  the  observer's  eye. 

To  magnify  an  object,  it  is  necessary  that  only 
a very  thin  segment  of  the  object  be  used.  When 
magnifying  onionskin,  for  example,  use  a razor 
blade  to  cut  and  peel  off  the  thinnest  possible  layer. 
Place  the  layer  on  a glass  slide  and  use  a medicine 
dropper  to  add  one  drop  of  water  to  the  layer.  (Note: 
It  is  often  possible  to  obtain  a better  image  by  using 
a drop  of  water-diluted  iodine  rather  than  plain 
water.)  Next,  place  a cover  glass  over  the  glass  slide. 

When  focusing,  place  the  microscope  near  a light 
source  such  as  an  open  window  or  a lamp.  Adjust  the 
stage  so  that,  when  looking  through  the  eyepiece,  you 
see  a bright  circle  of  light.  Next,  with  your  eye 
away  from  the  eyepiece,  slowly  turn  the  focusing 
knob,  lowering  the  objective  lens  until  it  almost 
touches  the  cover  glass.  Look  again  through  the  eye- 
piece and  slowly  turn  the  focusing  knob  to  raise  the 
objective  lens.  When  properly  focused,  the  cells  of 
the  onionskin  should  appear  as  rectangular,  or  brick- 
like, shapes. 

Prepared  Microscope  Slides 

As  early  as  the  fourth  grade,  children  should  be 
introduced  to  the  microscope.  If  possible,  they  should 
be  shown  how  to  prepare  slides  of  living  material  such 
as  yeast  cells,  cheek  cells,  microorganisms  in  pond 
water,  and  the  cells  of  an  elodea  leaf. 

There  are  limits  to  how  far  children  can  go  in 
preparing  their  own  slides  of  living  material.  At  the 


time  that  cells  are  being  studied  in  science,  it  is  de- 
sirable to  have  available  a collection  of  prepared 
microscope  slides  of  such  subjects  as  paramecia, 
spirogyra,  molds,  bacteria,  yeast,  roots,  stems,  leaves, 
flower  parts,  human  bone,  human  skin,  human 
muscle,  and  human  blood.  These  slides  can  be  ob- 
tained from  any  biological  supply  house.  Although 
they  cost  about  $1.00  a slide,  they  are  permanent 
slides,  and  with  proper  care  they  can  be  used  for  a 
long  time. 

A microprojector  is  an  instrument  that  can  be 
used  to  project  the  objects  on  microscope  slides  onto 
a sheet  of  paper.  The  projected  image  is  enlarged, 
and  it  is  thus  possible  for  a number  of  children  to 
see  it  at  the  same  time.  Even  though  a microprojector 
is  used,  children  should  also  have  an  opportunity  to 
view  the  slides  through  a microscope. 


Large  Transparencies  for 
Overhead  Projectors 

The  overhead  projector  is  operated  from  the 
teacher's  desk  in  the  front  of  the  classroom.  As  the 
teacher  operates  the  projector,  he  faces  the  class  and 
the  picture  is  projected  on  a screen  in  back  of  him. 
Pictures  are  prepared  on  a transparent  material  and 
may  be  either  black  and  white  or  colored.  Their  size 
is  about  5 inches  by  7 inches.  As  each  picture  is  to 
be  shown,  it  is  placed  upon  the  stage  of  the  projector, 
where  it  is  visible  to  the  teacher  during  the  time  it  is 
projected  on  the  screen.  This  makes  it  possible  for 
the  teacher  to  face  the  class  as  he  talks  and  to  point 
out  any  part  of  the  picture  to  which  he  wishes  to 
call  particular  attention.  Transparencies  may  be  ob- 
tained from  scientific  supply  houses  on  a number  of 
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topics  related  to  science.  A catalogue  of  one  supply 
house  has  listed  the  following  series  of  transparencies 
for  use  in  elementary  science:  Human  Body  Series, 
Animal  Series,  Astronomy  Series,  Atom  Series,  Ge- 
ology Series,  Meteorology  Series,  Electricity  Series. 
The  Astronomy  Series  consists  of  the  Solar  System, 
the  Sun,  Seasons;  the  Year,  Month,  and  Day;  Time 
Zones;  Solar  and  Lunar  Eclipses;  Telescopes;  and 
Satellites.  This  is  an  overlay  series,  which  means  that 
there  is  a set  of  four  transparencies  for  each  topic 
such  as  the  Solar  System.  As  each  transparency  in 
the  series  of  four  is  laid  upon  the  preceding  one,  it 
adds  information  to  the  ideas  that  are  to  be  developed 
by  the  set. 

"Do-it-yourself"  kits  are  available  for  those  who 
would  like  to  make  their  own  transparencies.  The  kits 
can  be  used  to  make  diagrams,  charts,  and  graphs. 
They  can  be  produced  in  black  and  white  or  color. 
The  audiovisual  departments  in  some  schools  have 
persons  skilled  in  making  transparencies  produce 
transparencies  for  teachers  or  teach  them  how  to 
make  their  own. 

Recordings 

Both  tape  and  disk  recordings  can  be  obtained 
on  various  subjects  related  to  science.  Some  of  the 
titles  are  listed  below: 

DISKS 

American  Bird  Songs  (an  album  of  6 records) 
Adventures  in  Sound  and  Space 
Science  of  Sound 

TAPES 

Electricity  Goes  to  Work 

Galileo  Tests  a Theory 

Van  Leeuwenhoek  and  the  Little  Animals 

How  Men  Behave 

Scientists  at  Work 

Digging  Up  the  Past 


The  Ocean  and  Weather 
The  Rocket  Man 
Satellite  Story 

The  National  Tape  Recording  Catalogue,  pub- 
lished by  the  Department  of  Audiovisual  Instruction 
of  the  National  Education  Society,  lists  more  than  one 
hundred  titles  dealing  with  topics  in  science.  Many  of 
them,  such  as  the  ones  previously  listed  here,  are  ap- 
propriate for  use  in  both  elementary  and  junior  high 
school  science  classes. 

Exhibits 

One  of  the  most  common  uses  of  exhibits  in  sci- 
ence teaching  is  the  science  fair.  Where  science  fairs 
are  noncompetitive  and  voluntary,  they  may  have 
very  positive  educational  value.  They  encourage  chil- 
dren to  conduct  projects  of  various  kinds  in  coordi- 
nation with  their  work  in  the  science  classroom. 
Children  are  also  encouraged  to  organize  the  pertinent 
ideas  into  forms  that  are  clearly  visible.  Imagination, 
creativity,  and  resourcefulness  are  applied  in  prepar- 
ing science  exhibits.  In  displaying  their  exhibits,  chil- 
dren gain  recognition  for  their  efforts.  Furthermore, 
children  learn  science  from  the  exhibits  prepared  by 
other  children.  At  their  level,  a science  fair  may 
serve  much  the  same  purpose  that  scientific  meetings 
serve  for  the  scientist. 

In  another  section  of  this  Teacher's  Guide,  the 
use  of  museum  exhibits  in  teaching  science  has  been 
discussed.  Some  museums  prepare  small  exhibits  of 
different  kinds  that  are  loaned  to  schools.  These  are 
prepared  in  glass-covered  boxes  for  display.  Generally, 
a guide  book  is  sent  with  the  exhibits  to  help  the 
teacher  get  the  most  out  of  them. 

Science  museums  have  become  quite  popular  in 
some  of  the  larger  cities.  In  these  museums  the  exhibits 
have  been  prepared  to  teach  people  about  scientific 
discoveries  and  technological  inventions.  Before  a 
teacher  makes  a decision  to  take  his  class  to  a science 


museum,  he  should  visit  the  museum  to  determine 
which  of  the  exhibits,  if  any,  are  related  to  topics 
being  studied  in  his  science  class.  If  there  are  none, 
he  probably  should  not  make  the  effort  to  take  his 
pupils. 

Industrial  firms  include  exhibits  of  various  kinds 
among  their  educational  materials.  Generally,  the  ex- 
hibits are  very  attractive  but  deal  rather  exclusively 
with  products  and/or  services  in  which  the  industry 
is  primarily  interested.  Teachers  should  avoid  clutter- 
ing up  their  classrooms  with  any  such  exhibits  that 
are  not  closely  related  to  topics  being  studied.  Exhibits 
that  are  given  to  the -school,  or  those  that  are  pupil- 
made,  often  introduce  storage  problems  that  teachers 
find  difficult  to  solve. 

Posters  of  various  kinds  might  be  classified  as 
exhibits.  They  can  be  used  for  many  different 
purposes  in  science.  Posters  can  be  made  to  represent 
graphically  such  concepts  as  the  water  cycle,  the 
oxygen  cycle,  interdependence  of  living  things,  the  law 
of  the  lever,  the  conservation  of  energy,  classification 
systems,  the  composition  of  the  earth,  electric  circuits, 
and  many  other  scientific  concepts. 

Models 

There  are  many  ways  in  which  models  can  and 
should  be  used  in  teaching  science.  Often  the  use  of 
a model  is  the  only  way  in  which  the  pupil  can  "get" 
the  idea  that  the  model  represents.  The  globe  of  the 
earth,  commonly  found  in  classrooms,  is  a good  ex- 
ample of  such  a model.  It  would  be  extremely  difficult 
to  think  of  the  earth  as  a sphere  without  such  a model. 
Models  of  the  solar  system  serve  a similar  purpose. 
Models  of  the  human  skeleton,  the  brain,  the  heart, 
the  eye,  the  ear,  and  other  parts  of  the  body  can  be 
used  to  help  children  obtain  a better  understanding 
of  what  the  inside  of  the  body  is  like.  Models  of 
atoms  and  molecules  can  be  used  to  gain  a better 
understanding  of  the  building  blocks  of  nature. 


All  the  models  mentioned  above  can  be  obtained 
from  scientific  supply  houses.  On  the  other  hand, 
children  can  make  many  of  them.  If  they  do,  they 
will  probably  come  to  understand  the  pertinent  con- 
cepts better  than  when  they  use  a commercially 
made  model.  In  making  a model  of  the  solar  system, 
children  learn  much  more  about  comparative  sizes 
and  distances  than  when  merely  observing  a manu- 
factured one.  Similarly,  when  they  construct  a model 
crystal,  using  toothpicks  and  wax  balls,  they  come 
to  understand  the  relative  positions  of  atoms  in  crystals 
better  than  when  they  observe  a prepared  model.  By 
using  clay,  pupils  can  make  models  of  different  kinds 
of  cells,  craters  on  the  moon,  fossils,  the  ocean  floor, 
volcanoes,  the  brain,  and  molecules.  Styrofoam  balls  of 
assorted  sizes  have  been  used  in  making  models  of 
planets  and  molecules.  Cellophane  bags  can  be  used 
in  making  three-dimensional  models  of  a typical  cell. 
When  given  the  opportunity,  children  delight  in  think- 
ing up  ways  of  making  models  of  the  different  things 
they  study  in  science.  In  the  "thinking  up"  process, 
they  are  adding  new  dimensions  to  their  understand- 
ing of  the  concepts. 

CREATING  INSTRUCTIONAL  MATERIALS 

In  preparing  a science  program  such  as  The  Mac- 
millan Science  Series,  it  is  impossible  to  anticipate 
every  kind  of  learning  situation  that  will  confront  the 
teacher  in  his  day-to-day  work.  Schools  vary  from 
one  community  to  the  next.  Classes  within  the  school 
vary,  as  do  the  children  within  a particular  class.  For 
these  reasons,  teachers  will  find  it  advantageous  from 
time  to  time  to  develop  supplementary  instructional 
materials  adapted  to  the  unique  situations  that  they 
encounter  in  their  teaching. 

Because  of  the  many  ways  in  which  learners  may 
come  to  understand  scientific  concepts,  the  teaching 
of  science  provides  unusual  opportunities  for  teachers 
to  create  dynamic  instructional  materials.  The  re- 
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mainder  of  this  section  will  include  suggestions  on 
how  a teacher  might  begin. 

Throughout  The  Macmillan  Science  Series,  dem- 
onstrations are  written  into  the  text  to  introduce  prob- 
lems or  to  reinforce  concepts.  Additional  material 
is  suggested  in  the  TAE.  There  are  other  ways,  too, 
beyond  those  suggested  in  the  TAE  whereby  con- 
cepts and  their  application  can  be  demonstrated.  Here 
are  some  questions  to  think  about: 

1.  What  are  some  ways,  other  than  those  given 
in  the  text,  that  can  be  used  to  demonstrate  that 
air  occupies  space? 

2.  How  many  ways  can  you  show  that  vibrating 
objects  produce  sound? 

3.  How  many  examples  can  you  find  of  the  fact  that 
living  things  are  interdependent? 

4.  In  what  situations  have  you  witnessed  the  con- 
cept that  once  a body  is  set  into  motion  it 
continues  in  a straight-line  motion  of  unchanging 
velocity  until  acted  upon  by  an  unbalanced  out- 
side force? 

5.  In  what  other  ways  can  you  demonstrate  dif- 
fusion as  an  example  of  the  movement  of  mole- 
cules of  one  substance  throughout  another? 

Questions  such  as  these  can  be  asked  about  every 
science  concept  that  is  demonstrated  in  your  science 
text.  They  can  serve  as  guides  to  “thinking  up"  or 
creating  additional  demonstrations.  The  more  demon- 
strations or  examples  of  a concept  that  can  be  shown 
to  pupils,  the  better  will  be  their  understanding  of  it. 

Creativity  can  really  bloom  when  applied  to  the 
designing  of  experiments.  Detailed  descriptions  are 
given  for  many  experiments  in  the  series.  This  is  done 
to  help  pupils  learn  how  the  various  factors  in  an 
experiment  are  handled.  It  may  be  that,  for  some 
pupils,  more  experiments  of  this  type  should  be  given, 
and  it  is  here  that  the  teacher  could  profitably  spend 


some  time  in  developing  additional  ones.  In  some 
instances  it  might  be  advantageous  to  modify  one  of 
the  experiments  in  the  text  to  include  different  materi- 
als and  different  experimental  situations.  For  example, 
in  an  experiment  where  bread  is  used  to  determine 
the  best  conditions  for  mold  growth,  a variety  of  or- 
ganic materials  might  be  used  in  addition  to  bread. 
After  observing  the  results  of  one  such  experiment, 
pupils  frequently  give  the  clue  to  new  experiments 
by  asking  the  question,  “I  wonder  what  would  happen 
if  this  or  that  were  done?" 

The  golden  opportunity  for  developing  new  ex- 
periments often  comes  from  something  that  happens 
during  a science  lesson.  It  may  come  from  a searching 
question  asked  by  one  of  the  pupils.  It  may  come 
from  an  unaccountable  observation  made  by  someone 
in  the  class.  It  may  come  when  an  experiment  does 
not  turn  out  as  the  class  expected  because  the  hy- 
pothesis being  tested  is  not  a tenable  one.  The  follow- 
ing are  examples  of  how  this  has  happened  in  different 
classes. 

In  one  class  the  teacher  was  performing  a dem- 
onstration to  show  that  soil  contains  air.  As  the 
teacher  poured  water  into  a large  container  of  soil, 
bubbles  formed  at  the  surface  of  the  soil.  The  teacher 
then  asked  the  question,  "What  do  the  bubbles  indi- 
cate?" As  expected,  one  of  the  pupils  replied.  "It 
shows  that  there  is  air  in  the  soil."  The  teacher 
followed  with  the  question,  "What  did  you  observe 
that  supported  such  a statement?"  The  pupil  re- 
sponded, "You  could  see  bubbles  which  proved  that 
air  was  coming  out  of  the  soil."  The  teacher  then 
asked  the  class  if  they  agreed.  All  but  one  boy  did. 
He  asked,  "How  do  you  know  that  the  bubbles  were 
formed  by  air  rather  than  some  other  gas?"  No  one 
could  answer  the  question,  and  the  class  now  had  a 
problem.  How  could  you  prove  that  the  gas  coming 
from  the  soil  when  you  poured  water  into  it  was  air? 
The  teacher,  working  with  a small  group  of  pupils, 
devised  a method  for  capturing  the  gas  that  was  given 
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off  when  water  was  poured  into  the  soil.  They  also 
devised  ways  of  testing  the  gas  to  determine  if,  in 
fact,  it  was  air. 

In  a third  grade  class  the  pupils  had  conducted 
an  experiment  to  determine  how  temperature  affects 
the  growth  of  mold  on  bread.  They  had  kept  the 
moistened  pieces  of  bread  in  small  aluminum  pans. 
As  they  had  expected,  considerable  mold  had  de- 
veloped on  the  bread  that  had  been  kept  in  a warm 
place.  Little  or  no  mold  had  developed  on  the  pieces 
of  bread  that  had  been  kept  in  the  refrigerator.  Dur- 
ing the  time  each  pupil  was  examining  the  bread 
mold  in  the  pans,  one  of  the  pupils  held  the  pan  over 
his  head.  As  he  looked  up  at  the  bottom  of  the  pan, 
he  saw  several  tiny  holes  in  it.  He  asked  the  teacher 
what  caused  them.  The  teacher  commended  him  for 
discovering  the  holes  and  then  asked  the  class  how 
they  could  find  out  what  caused  the  holes  in  the 
pan.  This  led  to  a series  of  very  interesting  activities, 
including  experimentation  and  the  use  of  several 
knowledgeable  resource  persons.  Although  the 
teacher  and  the  children  were  not  able  to  solve  the 
problem  through  their  own  experiments,  they  learned 
a great  deal  about  the  limitations  of  their  own  knowl- 
edge and  abilities  and  how  to  use  resource  people  in 
solving  complex  problems.  Investigation  of  the  prob- 
lem showed  that  carbon  dioxide  from  the  mold  com- 
bined with  salt  from  the  bread  to  form  sodium  car- 
bonate, which  caused  the  holes  to  form  in  the 
aluminum. 

In  a fifth  grade  class  the  pupils  had  had  a number 
of  experiences  in  heating  objects  such  as  iron  wire. 
They  had  found  that  heating  the  objects  caused  them 
to  expand.  The  teacher  had  encouraged  the  pupils  to 
give  other  examples  from  their  own  experience.  Some 
mentioned  that  they  had  seen  pictures  of  steel  rails 
that  had  expanded  on  hot  summer  days  and  forced 
the  railroad  tracks  out  of  shape.  Others  told  of  seeing 
the  same  thing  happen  on  concrete  highways.  One  girl 
in  the  class  said  she  now  knew  why  the  drawers  in 


her  dresser  became  stuck  in  the  summer.  She  ex- 
plained that  the  heat  expanded  the  wood  so  that  the 
drawers  became  too  tight  to  move  in  and  out  easily. 
Her  explanation  seemed  reasonable  to  all  members 
of  the  class.  The  teacher  asked  the  class,  however,  if 
they  were  sure  that  wood  expanded  when  heated. 
This  was  a good  question,  since  they  had  done  no 
experiments  with  wood.  The  class  accepted  the  chal- 
lenge to  plan  an  experiment  to  test  the  hypothesis 
that  "wood  expands  when  heated." 

In  planning  a method  for  testing  the  hypothesis, 
the  children  made  many  suggestions.  With  the  help 
of  the  teacher,  each  suggestion  was  examined.  Finally 
this  plan  was  accepted:  Three  holes  were  bored  into 
a piece  of  pine  board.  Then  a length  of  wooden  dowel 
was  cut  into  three  equal  pieces.  It  was  found  con- 
venient to  use  a one-inch  pine  board,  to  make  the 
holes  3/ 8 inch  in  diameter,  to  get  Vs-inch  dowels,  and 
to  make  each  piece  four  inches  long.  Each  piece  of 
dowel  was  numbered,  and  its  hole  was  given  the 
same  number. 

The  first  dowel  was  then  put  into  an  oven  and 
heated  at  200°  F.'for  an  hour.  The  second  dowel  was 
put  into  the  freezing  compartment  of  a refrigerator 
for  an  hour.  The  third  dowel,  the  control,  was  left 
in  the  room. 

At  the  end  of  the  hour,  each  dowel  was  again 
fitted  into  its  hole  in  the  board.  The  heated  dowel 
did  not  expand  or  stick  as  was  expected,  but  fit  more 
loosely  than  it  had  before  it  was  heated.  The  cold 
dowel  fit  more  tightly  than  before.  The  dowel  that 
had  been  left  in  the  room  fit  in  the  same  way  as  it 
had  before.  The  children  were  amazed.  Some  of  them 
said,  "Our  experiment  didn't  work!"  The  teacher  re- 
assured them  that  the  experiment  had  worked;  it  just 
didn't  turn  out  as  they  had  expected.  Now  the  chil- 
dren really  had  a problem:  If  heat  doesn't  cause  dress- 
er drawers  to  stick  in  the  summer,  what  does? 

The  teacher  followed  up  by  encouraging  them  to 
think  of  other  possible  reasons.  After  a while  someone 
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suggested  that  it  might  be  that  high  relative  humidity 
on  certain  days  in  the  summer  caused  the  drawers  to 
stick.  How  could  this  hypothesis  be  tested?  Finally 
someone  hit  upon  the  idea  of  suspending  one  of  the 
dowels  in  a covered  jar  that  had  water  in  the  bottom 
of  it.  It  was  explained  that  the  air  above  the  water 
would  soon  become  filled  with  water  vapor,  and  the 
relative  humidity  would  be  very  high.  This  seemed 
reasonable  to  the  class,  and  so  they  hung  one  of  the 
dowels  above  the  water  in  the  covered  jar.  They  left 
it  hanging  this  way  until  the  next  day.  When  they 
removed  the  dowel,  they  found  that  it  had  swollen 
so  that  they  couldn't  even  force  it  into  its  hole. 

As  you  can  see,  this  experiment  took  several  days 
to  complete.  Was  it  worth  the  time?  This  question  can 
only  be  answered  "Yes"  if  you  believe  that  the  cre- 
ative thinking  involved  in  planning  an  experiment 
such  as  this  is  important  in  the  education  of  children. 

Picture  Stories  and  Other  Supplementary  Materials 

The  picture  stories  beginning  with  Book  3 have 
been  used  to  reinforce  concepts  developed  in  the  texts 
by  showing  how  these  concepts  apply  in  human  activi- 
ties. There  are  many  possibilities  for  applying  the  pic- 
ture story  technique  to  other  concepts  in  local  situa- 
tions. For  example,  in  Grade  1,  where  the  concept 
of  seasonal  changes  is  introduced,  a teacher  might 
prepare  a collection  of  snapshots  of  the  class  taken 
during  the  different  seasons  of  the  year.  These  could 
then  be  arranged  in  a picture  story  album  or  bulletin 
board  display.  Such  a picture  story  would  incorporate 
the  local  climatic  conditions  in  ways  that  are  not 
possible  in  a single  standardized  version  of  the  con- 
cept of  seasonal  changes. 

The  possibilities  for  picture  stories  are  practically 
unlimited.  Whenever  they  are  prepared,  they  should 
deal  clearly  with  an  application  of  one  or  more  sci- 
ence concepts. 


Teachers  might  also  find  it  worthwhile  to  prepare 
supplementary  materials  for  introducing  certain  units 
in  the  text.  Bulletin  board  or  large  poster  displays 
can  be  prepared,  following  the  format  used  in  the 
text.  If  this-  is  done,  the  displays  can  be  used  to  fa- 
cilitate pupil  discussion;  they  should  be  designed  to 
help  pupils  understand  better  what  the  unit  is  about 
and  to  make  more  clear  the  purposes  for  studying  it. 

There  may  be  local  situations  that  relate  in  unique 
ways  to  certain  of  the  units.  Where  this  is  so,  supple- 
mentary materials  can  be  prepared  to  show  the  rela- 
tionship. For  example,  in  communities  near  the  ocean, 
the  unit  on  oceanography  (Book  5)  would  be  intro- 
duced quite  differently  than  it  would  be  in  communi- 
ties far  removed  from  the  ocean.  Because  of  the  cli- 
matic differences  among  communities,  units  having 
to  do  with  weather  might  be  introduced  in  different 
ways.  The  unit  on  conservation  (Book  6)  would  be 
introduced  differently  in  urban  communities  than  in 
rural  communities.  Thus,  before  undertaking  any  unit 
in  science,  the  teacher  should  investigate  possible  ways 
of  introducing  it  so  that  it  relates  most  closely  to  the 
unique  experiences  of  the  pupils.  When  this  is  done, 
it  will  often  lead  to  the  development  of  unit  introduc- 
tory materials  to  supplement  those  in  the  text. 

Reviews 

One  of  the  many  strengths  of  Science  for  Tomor- 
row's World  is  the  way  in  which  units  are  reviewed. 
Review  sections  occur  frequently  and  in  a variety  of 
interesting  forms  throughout  each  book.  There  are 
several  phases  involved  in  a review  of  concepts.  One 
phase  has  to  do  with  recall  of  the  facts  related  to  the 
concepts  developed.  A second  has  to  do  with  relating 
the  facts  to  the  pertinent  concepts.  A third  has  to  do 
with  applying  the  concept  or  using  it  to  explain  some- 
thing. A fourth  has  to  do  with  using  the  concept  to 
predict  what  will  happen  under  certain  conditions  to 
which  the  concept  applies.  In  other  words,  good  re- 


views  provide  for  practice  in  identification,  interpre- 
tation, application,  and  prediction.  Since  there  are  nu- 
merous commonly  used  ways  of  providing  practice 
with  each  of  these,  the  creating  of  new  ways  is  an 
exciting  challenge  to  any  teacher. 

Good  reviews  include  the  skills  and  attitudes  in- 
volved in  scientific  inquiry.  There  are  several  ways  of 
reviewing  the  skills  involved  in  the  planning  of  an 
experiment.  One  way  is  to  present  a problem  which 
can  be  answered  by  experimentation  and  to  then  ask 
the  pupils  to  plan  the  experiment.  They  might  do  this 
individually  and  then  write  up  their  plans.  They  might 
work  in  groups  of  four  or  five,  and  each  group  could 
then  present  its  plan  to  the  entire  class.  Or  the  entire 
class,  with  one  of  the  pupils  as  the  leader,  might  work 
up  the  plan.  In  the  latter  two  instances,  all  pupils  have 
the  opportunity  to  take  part  in  the  evaluation  of  the 
planning.  Reviews  of  this  sort  will  be  more  effective 
if  the  teacher  gives  the  students  a novel  problem — 
one  that  is  not  like  any  they  have  worked  on  before. 
Another  way  to  provide  for  review  of  skills  involved 
in  experimentation  is  to  keep  a close  record  of  an 
experiment,  noting  all  pertinent  details,  including  the 
results  and  the  conclusions.  Some  of  the  common  er- 
rors in  experimentation  should  then  be  introduced  into 
the  record.  Give  the  pupils  the  experiment  as  it  is 
written,  and  ask  each  of  them  to  evaluate  it. 

There  are  many  ways  in  which  skill  in  observation 
can  be  practiced  through  reviews.  Demonstrations 
might  be  performed  and  pupils  asked  to  record  their 
observations.  Where  this  is  done,  the  demonstration 
must  call  for  rather  careful  observation.  One  such  ac- 
tivity might  be  the  cartesian  diver.  One  cartesian  diver 
demonstration  calls  for  a flat  bottle  filled  with  water 
and  covered  with  rubber  sheeting  (see  diagram).  Sus- 
pended in  the  water  is  an  inverted  vial  that  is  nearly 
filled  with  water.  As  the  rubber  sheeting  is  pressed, 
the  vial  goes  down.  As  the  pressure  is  released,  the 
vial  rises.  The  class  is  asked  to  tell  why  the  vial  went 
down  and  then  up.  The  system  under  observation  con- 
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sists  of  bottle,  water,  vial,  and  hands.  Those  who  have 
never  seen  the  demonstration  before  must  observe 
quite  carefully  to  be  able  to  tell  that  the  vial  goes  down 
when  the  hands  are  pressing  the  rubber  sheeting  and 
that  it  comes  up  when  the  pressure  is  removed.  There 
are  many  other  demonstrations  like  this  one  that 
teachers  could  develop  and  use  to  give  practice  in 
observing. 

Here  is  another  example,  which  has  to  do  with 
two  scientific  attitudes — objectivity  in  evaluating  evi- 
dence, and  reluctance  to  make  a judgment  until  con- 
clusive evidence  has  been  accumulated.  An  investiga- 
tion can  be  described  in  which  data  of  both  sound 
and  dubious  quality  are  reported.  Based  upon  the  evi- 
dence, certain  conclusions  are  drawn.  Some  of  the 
conclusions  are  consistent  with  the  data,  and  some  go 
beyond  the  data.  After  pupils  have  read  the  investiga- 
tion, they  are  asked  to  evaluate  the  conclusions.  What 
they  react  to  in  their  evaluations  should  indicate 
whether  they  are  weighing  evidence  and  suspending 
judgment. 

In  this  section  we  have  seen  that  there  are  good 
reasons  for  teachers  to  create  instructional  materials. 
Through  the  process,  teachers  are  providing  for  one 
of  their  basic  needs,  the  need  to  be  creative.  Conse- 
quently, they  gain  greater  satisfaction  from  their 
teaching.  But  more  important  are  the  values  that  come 
to  the  pupils  who  use  the  materials  that  the  teachers 
prepare.  The  learning  idiosyncrasies  of  pupils  will  be 
more  nearly  met,  and  their  relative  achievement  in 
learning  the  concepts  and  using  the  methods  of  scien- 
tific inquiry  will  be  improved. 
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PART  IV:  OVERVIEWS,  TESTS,  AND  DIRECTORIES 


OVERVIEWS  OF  UNITS  IN  BOOK  2 

This  section  provides  a brief  overview  of  each  unit 
in  the  book.  At  the  end  of  the  section  you  will  find 
a listing  of  the  table  of  contents  of  each  book.  This 


overall  table  of  contents  will  give  you  an  opportunity 
to  visualize  the  total  program  of  Science  for  Tomor- 
row's World,  Books  1-6,  and  to  observe  more  clearly 
the  interrelationships  of  subject  matter  in  the  con- 
ceptual organization  of  the  series. 
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Unit  One:  The  Scientist's  Way — Finding  Out 

This  unit  sets  the  theme  of  Book  2.  It  focuses  on 
ways  the  child  can  find  out  about  things  and  how  the 
ways  that  he  uses  are  like  those  of  the  scientist.  The 
unit  is  used  both  to  teach  science  content  and  to 
develop  reasoning  processes.  The  science  content  con- 
sists first  of  how  the  senses  are  used  to  bring  us  in- 
formation about  the  physical  world,  and  then  of  an 
application  of  that  knowledge  to  two  specific  science 
problems:  finding  out  about  moths  and  butterflies 
and  setting  up  an  aquarium.  To  develop  reasoning 
processes  the  child  is  taught  that  the  senses  can  mis- 
lead us;  to  use  intelligently  what  he  observes,  the  child 
must  learn  how  to  use  his  mind.  Specifically,  in  this 
unit,  he  learns  how  to  identify  more  than  one  char- 
acteristic or  property  of  an  object  (a  sound  can  be 
both  loud  and  high)  and  how  to  formulate  a one-to- 
one  correspondence  between  two  sets  of  properties 
in  classifying.  The  purpose  here  is  to  teach  the  in- 
tellective skills  children  need  if  they  are  to  think 
clearly  and  consistently  about  what  they  observe. 

Unit  Two:  Finding  Out  About  Forces 

Force  is  one  of  the  most  important  physical  con- 
cepts, but  defining  it  presents  some  difficulties;  the 
idea  is  so  basic  that  there  are  few  words  of  more 
fundamental  meaning.  A force  might  be  simply  de- 
fined as  a push  or  a pull.  By  pulling  on  the  knob  of  a 
door,  one  exerts  a force  on  the  door.  By  standing  on  a 
scale  one  exerts  a downward  force  on  the  platform 
of  the  scale.  It  is  this  force  which  is  called  weight.  A 
special  type  of  force,  which  is  familiar  to  everyone,  is 
the  force  due  to  friction.  A stone  resting  on  a table 
will  not  be  moved  by  pushing  on  its  side  until  the 
applied  force  is  greater  than  some  definite  amount, 
equal  to  the  so-called  frictional  force.  Frictional  force 
can  never  be  active;  it  is  always  a force  of  opposition, 
a force  that  tends  to  prevent  motion.  These  are  the 
concepts  to  which  the  child  is  introduced  in  this  unit. 


Unit  Three:  Finding  Out  Flow  Your  Body  Moves 

This  unit  on  the  skeletal  and  muscular  systems 
should  be  studied  in  relation  to  their  primary  purposes 
of  protective  support  and  movement.  The  unit  pro- 
vides a good  opportunity  to  emphasize  one  of  the 
major  concepts  in  science — the  relationship  between 
structure  and  function,  key  concept  8.  In  this  case,  the 
relationship  is  between  the  structure  of  the  skeleton 
and  its  function.  In  class  discussion,  emphasis  can  also 
be  placed  on  key  concept  2,  which  deals  with  the  di- 
versity and  the  unity  of  living  things. 

Unit  Four:  Finding  Out  About  Plants 

There  are  over  340,000  known  species  of  plants. 
These  vary  in  their  size,  structure,  habits  of  growth, 
longevity,  physiological  activities,  methods  of  repro- 
duction, and  environmental  preferences.  In  this  unit 
we  consider  the  structure,  nutrition,  and  growth  of 
representative  seed  plants  and  representative  fungi. 
The  child  finds  out  that  a typical  seed  plant  is  made 
up  of  four  kinds  of  parts:  roots,  stems,  leaves,  and 
cones  or  flowers.  Most  roots  grow  beneath  the  surface 
of  the  soil.  The  roots  serve  a number  of  important 
functions,  the  most  obvious  of  which  is  to  anchor  the 
plant  and  hold  it  in  an  upright  position.  To  do  this  the 
roots  branch  and  rebranch  extensively  through  the 
soil. 

The  child  is  also  brought  to  realize  that  a second 
and  biologically  more  important  function  of  the  root  is 
the  absorption  of  water  and  minerals  from  the  soil. 

The  child  finds  that  there  are  several  ways  in  which 
plants  may  be  grown.  Generally,  seed  plants  grow 
from  seeds,  which  are  dispersed  by  a number  of 
methods.  The  wind  scatters  many  seeds.  Some  plants 
produce  spines  and  barbs  that  contain  seeds;  these 
are  dispersed  by  animals  and  man,  to  whose  fur  or 
clothing  they  stick.  Air  spaces  or  corky  floats  allow 
the  fruits  and  seeds  of  plants  such  as  the  coconut  to 
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float  in  water.  Some  plants  produce  nuts,  single-seeded 
fruits,  which  may  be  carried  great  distances  and  buried 
in  the  ground  by  squirrels. 

By  actually  planting  seeds  the  child  learns  what 
plants  need  to  grow.  He  also  learns  that  not  all  plants 
start  from  seeds.  Again,  he  investigates — this  time  to 
find  out  about  bulbs  and  cuttings.  The  unit  also  in- 
troduces him  to  plants  that  are  not  green  and  their 
dependence  on  green  plants. 

Unit  Five:  Finding  Out  About  Heat 

Heat  is  a form  of  energy.  The  law  of  conservation 
of  energy  indicates  that  energy  can  be  neither  created 
nor  destroyed,  but  only  transformed. 

There  are  many  types  of  energy,  all  of  which  may 
be  transformed  into  heat.  For  example,  electrical  en- 
ergy is  converted  directly  into  heat  in  such  devices  as 
the  electric  iron.  The  process  of  fire  is  an  example  of 
the  conversion  of  chemical  energy  into  heat. 

The  scientist  has  ways  to  measure  heat.  By  investi- 
gation the  child  finds  that  things  change  when  they  are 
heated  or  cooled.  He  learns  the  concepts  of  conduc- 


tion and  radiation,  what  makes  fires  burn,  and  how 
to  be  careful  with  fire.  He  also  learns  what  makes 
his  body  warm  and  how  his  body  loses  heat.  The 
unit  goes  further  by  introducing  the  concept  of  warm- 
bloodedness and  cold-bloodedness. 

Unit  Six:  Finding  Out  About  Feelings 

The  study  of  behavior  as  a science  is  still  in  its 
infancy  compared  to  some  other  sciences,  but  as  most 
teachers  would  agree,  it  ranks  in  importance  at  the  top. 
In  Science  for  Tomorrow's  World  pupils  are  introduced 
both  to  the  content  of  the  behavioral  sciences  and  to 
methods  employed  in  studying  behavior. 

The  material  in  this  unit  is  derived  from  the  area 
of  motivation.  One  of  the  questions  the  behavioral 
scientist  asks  is,  "What  makes  human  beings  behave 
as  they  do?"  He  seeks  the  answer  in  the  motivational 
system  of  the  individual,  in  the  complex  of  emotions 
that  each  of  us  acquires  in  the  process  of  socialization. 
Two  of  the  most  intense  emotions  provide  the  subject 
matter  of  this  unit,  the  emotions  of  fear  and  anger. 
How  these  emotions  affect  our  behavior  is  discussed. 
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Unit  1:  The  Scientist's  Way 

Circle  the  right  answers. 

1.  Circle  the  thing  that  you  can  hear. 


2.  Circle  the  thing  that  has  a strong  odor. 


3.  Circle  the  one  that  is  a cocoon. 


Finding  Out 


4.  Look  at  this  bicycle. 


Now  look  at  the  picture  below  and  circle  the 
ways  you  can  find  out  about  the  bicycle. 
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5.  Which  tells  you  about  things  by  making 
them  look  bigger?  Circle  it. 


6.  Circle  the  animal  that  you  can  find  in  an 
aquarium. 


7.  Which  is  a moth?  Circle  it. 


8.  What  will  the  fish  in  an  aquarium  need? 
Circle  it. 


9.  Circle  what  you  would  use  to  see  things  far 
away. 


10.  Put  a circle  around  the  man  who  is  a scientist 
finding  out  about  things. 
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Unit  2:  Finding  Out  About  Forces 


Circle  the  right  answers. 

1.  Which  force  comes  from  using  your  body?  4.  What  makes  this  windup  toy  move? 


69 


6.  Which  can  be  moved  faster? 


9.  Which  will  make  you  work  harder? 


7.  Which  child  will  be  safer  if  the  car 
stops  suddenly? 


8.  Which  side  will  win? 


10.  These  boys  are  doing  experiments.  Which 
boy  is  using  a pulley  to  find  out  about  things? 
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Unit  3:  Finding  Out  How  Your  Body  Moves 

Circle  the  right  answers. 


1.  A skeleton  is  made  of 


3.  Your  backbone  looks  like 


4.  An  animal  with  a leg  bone  is  a 


5.  An  animal  skeleton  looks  like 


6.  A joint  looks  like 


7.  Muscles  move 


8.  The  small  bones  in  your  fingers  help  you 
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9.  Circle  the  muscle  that  is  short  and  thick. 


10.  Circle  the  muscle  that  is  long  and  narrow. 
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Unit  4:  Finding  Out  About  Plants 

Circle  the  right  answers. 


1 . Which  cut  tree  is  closest  to  being  the  same 
age  as  you  are? 


2.  Which  are  bean  seeds? 


4.  What  is  the  part  of  the  plant  that  is  in  the  soil? 


5.  Which  child  is  doing  an  experiment? 


6.  Which  seeds  may  be  carried  to  a different 
place  by  the  wind? 


7.  Which  would  you  plant  to  grow  a potato? 


8.  Can  you  find  the  plant  that  makes  its  own 
food? 
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9.  Which  is  a plant  that  grows  from  a bulb? 


10  On  which  is  mold  likely  to  grow? 
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Unit  5:  Finding  Out  About  Heat 

Follow  the  directions  given  for  each  question. 


1.  Which  could  you  not  live  without?  Circle  it. 


2.  Check  the  right  one: 

□ Oursunisa  □ Oursun  is  nota 


3.  Circle  the  thermometer  that  best  seems 
to  show  the  temperature  in  this  picture. 


4.  Circle  the  things  that  have  a liquid  in  them. 


5.  Which  balloon  has  the  hotter  air?  Circle  it. 


6.  Which  candle  will  burn  longer?  Circle  it. 


7.  Circle  the  picture  that  shows  where  the 
ground  feels  warmer. 


8.  Circle  the  clothes  that  would  be  cooler 
when  the  temperature  is  very  hot. 
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9.  What  would  you  do  if  your  clothes  were  on 
fire?  Circle  the  best  thing  to  do. 


10.  Circle  the  warm-blooded  animals. 
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Unit  6:  Finding  Out  About  Feelings 


Circle  the  right  answers. 

1.  Circle  the  two  boys  who  are  doing 
dangerous  things  in  a lightning  storm. 


2.  Tom  and  his  dog  are  by  the  water.  There  is  no 
grownup  here.  Is  it  safe  for  Tom  to  go  in  the 
water  now?  Circle  the  correct  answer. 


Yes 


No 


3.  Circle  the  correct  answer. 

If  you  do  not  know  how  to  swim  you  should 


4.  Circle  the  snake  that  is  not  dangerous. 


5.  In  which  cage  would  you  keep  a green  snake? 
Circle  the  correct  cage. 


7.  Jack  has  lost  the  game. 


8.  Which  is  the  better  way  to  end  a game? 
Circle  the  correct  answer. 
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9.  Which  should  you  do  when  a new  boy  moves 
next  door?  Circle  the  correct  answer. 


10.  Place  a circle  around  the  child  who  is  likely 
to  be  the  first  to  become  angry. 
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Do  You  Remember?— Units  7-6 


Circle  the  right  answers. 

1.  Circle  the  thing  that  you  can  hear.  4.  What  makes  this  windup  toy  move? 


6.  Which  seeds  may  be  carried  to  a different  place  by 
the  wind? 


8.  Circle  the  clothes  that  would  be  cooler  when  the 
temperature  is  very  hot. 
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9.  Which  should  you  do  when  a new  boy  moves  next 
door?  Circle  the  correct  answer. 


10.  Place  a circle  around  the  child  who  is  likely  to  be 
the  first  to  become  angry. 
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World  Publishing  Co.,  119  West  57th  St.,  New  York, 
N.Y.,  10019 


Directory  of  Film  and  Filmstrip  Sources 


1.  GUIDES 

Audio-Visual  Communication  Review,  published  bi- 
monthly by  the  Department  of  Audio-Visual  In- 
struction, Washington,  D.C. 

Blue  Book  of  Audio-Visual  Materials  (annual),  Educa- 
tional Screen,  Inc.,  64  E.  Lake  St.,  Chicago,  III. 

A Directory  of  16mm  Film  Libraries , U.S.  Department  of 
Health,  Education  and  Welfare;  U.S.  Government 
Printing  Office,  Washington,  D.C. 

Education  Film  Guide  (annual),  The  H.  W.  Wilson  Co., 
950  University  Ave.,  New  York,  N.Y. 

Educators  Guide  to  Free  Films  (annual),  Educators  Prog- 
ress Service,  Randolph,  Wise. 


Filmstrip  Guide  (annual),  The  H.  W.  Wilson  Co.,  950 
University  Ave.,  New  York,  N.Y. 

Modern  Index  and  Guide  to  Free  Educational  Films 
from  Industry  (annual),  Modern  Talking  Picture 
Service,  Inc.,  3 E.  54th  St.,  New  York,  N.Y. 

U.S.  Government  Films  for  Public  Educational  Use, 
1955,  Office  of  Education,  U.S.  Department  of 
Health,  Education  and  Welfare;  U.S.  Government 
Printing  Office,  Washington,  D.C. 

U.S.  Government  Films  for  Schools  and  Colleges  (an- 
nual), United  World  Films  Inc.,  1445  Park  Ave., 
New  York,  N.Y. 


83 


2.  DISTRIBUTORS  OF  AUDIO-VISUAL  AIDS 

American  Cancer  Society,  Inc.,  521  W.  57th  St.,  New 
York,  N.Y. 

American  Heart  Association,  Inc.,  Film  Library,  44  E. 
23rd  St.,  New  York,  N.Y.  (Films  also  available  from 
local  heart  associations.) 

American  Museum  of  Natural  History,  Slide  Library, 
Central  Park  West  at  79th  St.,  New  York,  N.Y. 

American  Red  Cross  (Contact  nearest  American  Red 
Cross  chapter.) 

Association  Films,  Inc.,  347  Madison  Ave.,  New  York, 
N.Y.  (Branch  offices  in  Ridgefield,  N.J.;  Dallas, 
Tex.;  San  Francisco,  Calif.;  La  Grange,  III.) 

Bell  Telephone  System  (Contact  local  Bell  Telephone 
Co.  offices  for  address  of  regional  distributor;  or 
contact  the  American  Telephone  and  Telegraph 
Co.,  Motion  Picture  Section,  195  Broadway,  New 
York,  N.Y.) 

Blackhawk  Films,  1235  W.  5th  St.,  Davenport,  la. 

Better  Vision  Institute,  Inc.,  230  Park  Ave.,  New  York, 
N.Y. 

University  of  California,  University  Extension,  Educa- 
tional Film  Sales  Dept.,  Los  Angeles,  Calif. 

University  of  Southern  California,  Audio-Visual  Serv- 
ices, Dept,  of  Cinema;  University  Park,  Los  An- 
geles, Calif. 

National  Film  Board  of  Canada,  680  Fifth  Ave.,  Suite 
819,  New  York,  N.Y. 

Carousel  Films,  Inc.,  1501  Broadway,  New  York,  N.Y. 

Churchill-Wexler  Film  Productions,  801  N.  Seward  St., 
Los  Angeles,  Calif. 

Coronet  Instructional  Films,  65  E.  South  Water  St., 
Chicago,  III. 

DeKalb  Agricultural  Assn.,  Inc.,  Educational  Dept., 
310  N.  5th  St.,  DeKalb,  III. 

Walt  Disney  Productions,  Educational  Film  Div.,  500 
S.  Buena  Vista  Ave.,  Burbank,  Calif.  (Branch  office 
in  New  York,  N.Y.) 

E.  I.  duPont  de  Nemours  & Co.,  Inc.,  Motion  Picture 
Distribution,  Advertising  Dept.,  Wilmington,  Del. 


Encyclopaedia  Britannica  Films,  1150  Wilmette  Ave., 
Wilmette,  III.  (Branch  offices  in  Hollywood,  Calif. ; 
Atlanta,  Ga.;  Skokie,  III.;  New  York,  N.Y.;  Dallas, 
Tex.;  Toronto,  Ontario,  Canada.) 

Educational  Testing  Service,  20  Nassau  St.,  Princeton, 
N.J.  (Branch  office  in  Los  Angeles,  Calif.) 

Film  Associates  of  California,  11014  Santa  Monica  Blvd., 
Los  Angeles,  Calif. 

Handel  Film  Corp.,  6926  Melrose  Ave.,  Los  Angeles, 
Calif. 

International  Film  Bureau,  Inc.,  57  E.  Jackson  Blvd., 
Chicago,  III.  (Branch  office  in  Ottawa,  Ontario, 
Canada.) 

Indiana  University,  Audio-Visual  Center,  Bloomington, 
Ind. 

Life  Magazine  Filmstrip  Div.,  Time  and  Life  Bldg., 
Rockefeller  Center,  New  York,  N.Y. 

McGraw-Hill  Book  Company,  Inc.,  Text-Film  Dept., 
330  W.  42nd  St.,  New  York,  N.Y. 

Michigan  Dept,  of  Conservation,  Film  Loan  Service, 
Lansing,  Mich. 

Michigan  State  University,  Co-operative  Extension 
Service.  Agricultural  Hall,  Room  10,  East  Lansing, 
Mich. 

University  of  Minnesota,  Audio-Visual  Education  Serv- 
ice, Westbrook  Hall,  Minneapolis,  Minn. 

Metropolitan  Life  Insurance  Company,  1 Madison  Ave., 
New  York,  N.Y.  (Offices  in  San  Francisco,  Calif, 
and  Ottawa,  Ontario,  Canada.) 

Missouri  Conservation  Commission,  Film  Loan  Library, 
Monroe  Bldg.,  Jefferson  City,  Mo. 

Modern  Talking  Picture  Service,  Inc.,  Headquarters 
Office,  3 E.  54th  St.,  New  York,  N.Y.  (Film  libraries 
in  other  cities  throughout  the  U.S.,  including  An- 
chorage, Alaska,  and  Honolulu,  Hawaii.) 

University  of  Nebraska,  Bureau  of  Audio-Visual  Aids, 
Extension  Div.,  Lincoln,  Nebr. 

NET  Film  Service,  Audio-Visual  Center,  Indiana  Uni- 
versity, Bloomington,  Indiana 

The  National  Foundation,  Public  Information  Dept., 
800  Second  Ave.,  New  York,  N.Y. 
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National  Tuberculosis  Assn.,  1790  Broadwav,  New 
York,  N.Y.  (Films  loaned  through  state  and  local 
tuberculosis  associations.) 

State  University  of  New  York,  College  of  Forestry  at 
Syracuse  University,  Dept,  of  Forest  Extension, 
Syracuse,  N.Y. 

Ohio  Division  of  Wildlife,  Dept,  of  Natural  Resources, 
1500  Dublin  Rd.,  Columbus,  Ohio 

Oregon  State  System  of  Higher  Education,  Dept,  of 
Visual  Instruction,  General  Extension  Division,  131 
Coliseum,  Corvallis,  Ore. 

Pennsylvania  State  University,  Audio-Visual  Aids  Li- 
brary, University  Park,  Pa. 


Shell  Oil  Co.,  Public  Relations  Dept.,  50  W.  50th  St., 
New  York,  N.Y. 

Sterling  Movies  U.S.A.,  100  W.  Monroe  St.,  Chicago,  III. 
U.S.  Forest  Service,  Dept,  of  Interior,  Washington  25, 
D.C.  (Contact  film  library  of  your  state  university 
extension  division  or  regional  office  of  the  U.S. 
Forest  Service.) 

United  World  Films,  Inc.,  1445  Park  Ave.,  New  York, 
N.Y.  (Branch  offices  in  Los  Angeles,  Calif.;  Miami, 
Fla.;  Atlanta,  Ga.;  Chicago,  III.;  Portland,  Ore.; 
Dallas,  Tex.) 

World  Wide  Pictures,  P.O.  Box  1055,  Sherman  Oaks, 
Calif. 


Directory  of  Science  Materials  Supply  Houses 


American  Electronic  Laboratories,  Inc.,  121  N.  75th  St., 
Philadelphia,  Pa. 

American  Hospital  Supply  Corp.,  40-05  168th  St., 
Flushing,  Queens,  N.Y.;  or  Evanston,  III.  (blood- 
typing serums,  standard  supplies) 

American  Optical  Co.,  Buffalo,  N.Y.  (optical  instru- 
ments) 

American  Type  Culture  Collection,  2112  M St.,  N.W., 
Washington,  D.C.  (bacteria) 

Bausch  & Lomb  Optical  Co.,  635  St.  Paul  St.,  Rochester, 
N.Y.  (optical  instruments) 

James  G.  Biddle  Co.,  1316  Arch  St.,  Philadelphia,  Pa. 
(scientific  instruments) 

Biological  Research  Products  Co.,  243  W.  Root  St., 
Stockyards  Station,  Chicago,  III.  (fresh  and  pre- 
served mammalian  specimens  and  organs) 

Burgess  Battery  Co.,  Freeport,  III.  (dry  cells) 

California  Biological  Service,  1612  W.  Glenoaks  Blvd., 
Glendale,  Calif. 

California  Botanical  Materials  Co.,  861  E.  Columbia 
Ave.,  Pomona,  Calif. 

Cambosco  Scientific  Co.,  37  Antwerp  St.,  Brighton, 
Mass. 


Carolina  Biological  Supply  Co.,  Elon  College,  N.C. 
Central  Scientific  Co.,  1700  W.  Irving  Park  Rd.,  Chicago, 
III. 

Chemical  Rubber  Co.,  2310  Superior  Ave.,  Cleveland, 
Ohio 

Corning  Glass  Works,  Corning,  N.Y.  (glassware) 
Denoyer-Geppert  Co.,  5235  Ravenswood  Ave.,  Chi- 
cago, III.  (models,  charts,  slides,  microscopes) 
Difco  Laboratories,  Inc.,  920  Henry  St.,  Detroit  1,  Mich- 
igan (reagents,  culture  media) 

Dow  Chemical  Co.,  Midland,  Mich,  (chemicals) 
Eastman  Kodak  Co.,  343  State  St.,  Rochester,  N.Y.  (pho- 
tographic supplies  and  equipment) 

Edmond  Scientific  Co.,  99  E.  Gloucester  Pike,  Barring- 
ton, N.J.  (scientific  instruments) 

Fisher  Scientific  Co.,  Forbes  Ave.,  Pittsburgh,  Pa.  (chem- 
icals, laboratory  appliances) 

General  Biochemicals,  Inc.,  677  Laboratory  Park,  Cha- 
grin Falls,  Ohio  (chemicals) 

General  Biological  Supply  House,  Inc.  (Turtox),  8200 
S.  Hoyne  Ave.,  Chicago,  III. 

Graf-Apsco  Co.,  5868  Broadway,  Chicago,  III.  (micro- 
scopes) 


Kimble  Glass,  P.O.  Box  1035,  Toledo,  Ohio  (glassware) 

Lederle  Laboratories,  Div.  of  American  Cyanamid  Co., 
Middletown  Rd.,  Pearl  River,  N.Y.  (chemicals) 

E.  Leitz,  Inc.,  468  Park  Ave.,  New  York,  N.Y.  (optical 
instruments) 

Los  Angeles  Biological  Laboratory,  Woods  Hole,  Mass, 
(living  and  preserved  materials) 

Merck  & Co.,  Inc.,  126  E.  Lincoln  Ave.,  Rahway,  N.J. 
(chemicals) 

Monsanto  Chemical  Co.,  1700  S.  Second  St.,  St.  Louis, 
Mo.  (chemicals) 

National  Biological  Supply  Co.,  Inc.,  230  W.  Superior 
St.,  Chicago,  III. 

National  Instruments  Laboratories,  Inc.,  828  Evarts  St., 
N.E.,  Washington,  D.C. 

New  York  Scientific  Supply  Co.,  Inc.,  28  W.  30th  St., 
New  York,  N.Y. 

Nutritional  Biochemicals  Corp.,  21010  Miles  Ave., 
Cleveland,  Ohio  (chemicals) 

A.  J.  Nystrom  & Co.,  Inc.,  3333  Elston  Ave.,  Chicago, 
III.  (charts,  models) 


Research  Scientific  Supplies,  Inc.,  69  W.  23rd  St.,  New 
York,  N.Y.  (microscopes,  microslides,  stains) 

E.  H.  Sargent  and  Co.,  4647  W.  Foster  Ave.,  Chicago,  III. 

E.  H.  Sheldon  Equipment  Co.,  101  Park  Ave.,  Rm.  538, 
New  York,  N.Y.  (laboratory  furniture) 

Spitz  Laboratories,  Yorklyn,  Dela.  (shadowboxes,  plas- 
teria) 

Sprague-Dawley,  Inc.,  P.O.  Box  2071,  Madison,  Wise, 
(laboratory  rats) 

Standard  Scientific  Supply  Corp.,  808  Broadway,  New 
York,  N.Y. 

Testa  Manufacturing  Co.,  418  S.  Pecan  St.,  Los  Angeles, 
Calif,  (microscopes) 

Triarch  Botanical  Products,  Ripon,  Wise,  (botanical  mi- 
croslides) 

United  Scientific,  Inc.,  66  Needham,  Newton,  Mass, 
(optical  instruments) 

Wards  Natural  Science  Establishment,  Inc.,  P.O.  Box 
1712,  Rochester,  N.Y. 

Welch  Scientific  Co.,  1515  Sedgwick  St.,  Chicago,  III. 
(scientific  apparatus) 
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SOME  OF  THE  SPECIAL  FEATURES  YOU'LL  FIND  IN 

SCIENCE  FOR  TOMORROW'S  WORLD,  BOOK  2: 

Real  science  learnings  — based  on  the  demonstrated  interests  of 
second-grade  pupJTs 

The  second-grader  is  just  beginning  to  take  an  active  interest  in  the  world  out- 
side his  own  home  and  school  neighborhoods.  However,  he  is  still  eager  to 
investigate  this  expanding  environment  of  his  as  directly  and  personally  as  pos- 
sible. For  example,  he  can  answer  some  of  his  questions  about  animals  by 
reading  (see  pages  17-19),  but  he  prefers,  whenever  it  is  possible,  to  learn  by 
doing  (see  pages  20-25). 

BOOK  2 in  the  SCIENCE  FOR  TOMORROW'S  WORLD  series  offers  real  science 
learnings  that  begin  with  the  demonstrated  interests  of  second-graders  and 
encourage  the  pupils  to  keep  asking  new  questions  about  their  world: 

• Questions  about  forces— pages  42-47 

• Questions  about  how  bones  move— pages  70-74 

• Questions  about  being  afraid— pages  148-152 

The  authors  of  BOOK  2 are  well  qualified  to  create  science  textbooks  for  young 
children.  The  senior  authors  are:  J.  Darrell  Barnard  of  New  York  University,  a 
recognized  authority  in  science  education;  Celia  Stendler  of  the  University  of 
Illinois,  a specialist  in  child  development  and  elementary  education;  and  Benja- 
min Spock,  M.D.,  of  Western  Reserve  University,  famous  for  his  books  on  child 
development.  In  addition,  junior  author  Mary  W.  Moffitt  of  Queens  College, 

New  York  City,  contributed  her  special  knowledge  of  the  teaching  of  second- 
grade  children  to  the  making  of  this  textbook. 

Lessons  planned  to  foster  the  early  development  of  logical  thinking 

All  young  children  look  at  the  world  around  them  in  much  the  same  simple, 

unorganized  way.  For  example,  a second-grader  tends  to  concentrate  on  only 
one  aspect  of  something  that  he  is  observing. 

Of  course,  as  he  grows  older,  the  child's  thinking  becomes  more  and  more 
logical.  Through  trial  and  error,  he  slowly  learns  to  observe  several  different 
aspects  of  a situation  at  the  same  time  and  to  compare  his  findings  in  reaching 
a conclusion.  Recently,  educators  and  psychologists  have  found  that  this  slow 
development  of  the  processes  of  logical  thought  can  be  speeded  up.  Further- 
more, they  have  discovered  that  science  learnings  in  particular  can  be  presented 
in  such  a way  that  the  young  child  will  learn  to  think  logically  much  earlier  than 
he  will  if  left  alone  to  learn  by  the  trial  and  error  "method.” 

The  authors  of  SCIENCE  FOR  TOMORROW'S  WORLD  have  planned  lessons 
that  will  help  the  child  learn  to  think  logically, ‘even  at  the  second-grade  level. 

See,  for  example,  these  pages  in  the  textbook: 


• On  page  6,  the  pupils  are  required  to  take  into  account  both  the  height  and  the 
width  of  each  jar,  then  to  compare  the  two  jars. 

• On  page  7,  the  pupils  are  required  to  compare  both  the  appearances  of  the  two  pans  of  cookies 
and  the  amounts  of  dough  that  went  into  the  cookies  in  each  pan. 

• On  pages  18  and  19,  the  pupils  are  required  to  compare  many  of  the  characteristics  of 
moths  and  butterflies  in  deciding  just  how  they  are  alike  and  how  they  are  different. 

• On  page  21,  the  pupils  are  required  to  see  that  goldfish,  for  example,  belong  to  two  groups 
at  the  same  time— they  are  fish  and  goldfish— while  guppies  only  belong  to  one  of  these 
groups— they  are  fish. 

Emphasis  on  true  understandins  in  the  review  and  reinforcement 

sections 

The  materials  for  reinforcement  and  review  in  SCIENCE  FOR  TOMORROW'S 
WORLD,  BOOK  2,  are  specifically  designed  to  help  the  pupils  see  relationships 
among  science  learnings  and  develop  large  concepts  from  them. 

At  the  end  of  every  unit,  BOOK  2 provides: 

Tell  the  Word— a science  vocabulary  quiz  that  asks  the  pupils  to  fill  in 
missing  letters  (see  pages  29,  57,  79, 105, 143,  and  161) 

What  Do  You  Know?— review  exercises  that  include  questions  calling  for  logical 
thinking  and  the  ability  to  "explain  in  your  own  words"  (see  pages  30-31, 
58-59,  80-81, 106-107, 144-145,  and  162-163) 

The  unique,  end-of-text  review  uses  rebus  riddles  to  make  learnings  "stick"  in 
the  pupil's  mind: 

Do  You  Remember?— a lively  section  that  effectively  ties  learnings  together  and 
requires  the  pupil  to  participate  in  the  review  (see  pages  164-166) 

Functional  illustrations  — no  "frills" 

SCIENCE  FOR  TOMORROW'S  WORLD,  BOOK  2,  is  illustrated  in  four  colors 
throughout.  And  all  of  the  drawings  in  this  textbook  are  not  only  appealing  to 
second-graders  but  also  scientifically  accurate  and  directly  related  to  science. 
Notice  how  the  following  topics  are  clarified  by  the  illustrations  in  BOOK  2: 

• How  can  one  wheel  be  used  to  turn  another?— pages  52-55 

• What  different  parts  do  plants  have?— pages  86-89 

• What  happens  when  things  are  heated  or  cooled?— pages  117-120 

A carefully  selected  science  vocabulary 

SCIENCE  FOR  TOMORROW'S  WORLD,  BOOK  2,  helps  the  pupil  acquire  a 
science  reading  vocabulary  gradually.  The  book  is  designed  to  present  mean- 
ingful content  that  is  both  interesting  and  challenging  to  second-graders.  There- 
fore, the  authors  have  used  such  essential  technical  words  as  microscope,  mus- 
cles, and  degrees  in  developing  the  science,  health,  and  safety  concepts.  The 
authors'  use  of  (1)  the  science  words,  (2)  the  basic  "carrying  vocabulary"  of 
the  book,  and  (3)  the  special  labels  for  some  of  the  illustrations  (zebra  fish, 
Spanish  nettle)  is  explained  in  detail  for  the  teacher  on  pages  167-168. 


